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THE NET OF IT—Alpha” Protein helps 
merchandise move 


In today’s sweeping trend toward self-service, products sell best when customers “get the 
message’. This means strong visual appeal of the package itself . . . sparkling presentation 
to promote the product and the brand name. 


Alpha Protein has come into wide application as the adhesive for coated paperboard 
used for fine folding cartons. It makes possible the level, more uniform surface needed 
for the detailed reproduction of fine-screen halftones with maximum depth and clarity. It 
offers extra brilliance for instant vivid display of the all-important brand name. 


Alpha Protein works economic and production miracles on any coating equipment: 
brush coaters, reverse roll coaters, air-knife, trailing blade, or high-solids roll coaters. 
Principal benefits are faster machine speeds . . . less drying time . . . higher coat weights. 


_ This is the net of it . . . but may we tell you the complete story? Your inquiry will 
receive prompt attention. 


CENTRAL SOYA COMPANY, INC. 


(O'S) CHEMURGY DIVISION 


1825 N. Laramie Avenue - Chicago 39, Illinois 


This is a sample of 4-color process lithography on Alpha Protein-processed paper 
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Pulo from Gottesman means... 


PX PER/IEA/CE 


Bleached and Unbleached Sulphite - Bleached Hardwood + Groundwood 
Bleached, Semi-Bleached, and Unbleached Kraft 


ey THE GOTTESMAN ga 


wey 


e ORGANIZATION 


Established 1886 PULP : 
PAPI 
Gottesman & Company, Inc. * Central National Corporation EXPO 


Central National Commercial Company, Inc. Se 
100 Park Avenue, New York 17,N.Y. 


Gottesman & Company Aktiebolag, Stockholm, Sweden - Central National-Gottesman Limited, London, England « Representatives in 55 Leading World Markets 
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“No other recorder 
puts so many features 


in so little panel space... 


S 
Stock preparation graphic control panel at Ecusta uses many TRANSCOPE Plug-in Recorders and Controllers. 


Wu 


TRANSCOPE Recorders used enthusiastically at Ecusta 


Ecusta Paper Division of Olin Mathieson 
Chemical Corp., Pisgah Forest, N. C., 
was the first paper mill to make exten- 
sive use of the advantages of the Taylor 
TRANSCOPE Recorders and Controllers. 
These outstanding instruments play an 
important part in automating its new 
No. 10 Machine and its stock prepara- 
tion system. 


Features of the 90-J Transcope Recorder 
include: 


Servo-Operated Pens with 150 times 


greater power, assuring unprecedented 
accuracy of records. 


Optional Front-of-Panel Settings to let 
you make adjustments easier, quicker 
and better... from the front of panel... 
while recording! 


Stays on Automatic Control while the 
plug-in recorder slide is removed for 
inspection, yet providing continuous 
fully automatic control. 


Complete Indicating Control Station while 
recorder is removed. Horizontal gage at 


top of recorder will show either process 
variable or air output valve, as desired. 


Receives Three Variables to be recorded 
or indicated; has a Set Point Transmitter; 
Process Alarms with Memory Pointers; 
Automatic-to-Manual switching; Cas- 
cade or Process-output Switch, and many 
other features... all in one compact case. 


See your Taylor Field Engineer, or write 
for Catalog 98286. Taylor Instrument 
Companies, Rochester 1, New York, or 


Toronto, Ontario. 
*Reg. U.S. Pat. Off. 


lor [nstlrwonents MEAN ACCURACY FIRST 
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‘Tests prove superiority of 


Huber Clays in concentrated 


clay-water systems 


Today many mills are immediately slurrying their 
clay at high solids content upon arrival at the 
plant. Huber’s Viscontrolled-clays are ideally 
suited to the needs of this trend. 

You can “make down” these dependable clays 
with lower power input than other clays demand. 
Or—you can process them at considerably higher 
solids content with the same power input. 

These facts have been proved, using the Hagan 
High Shear Viscometer and particularly in actual 
plant operation. The rheograms shown below il- 
lustrate the low viscosity of Huber Viscontrolled- 
clay compared to competitive grades. 

Huber VISCONTROL exclusive to Huber 
clays—makes possible the economical preparation 
of concentrated clay suspensions. Huber’s con- 
tinuing research program is designed to make life 


a little easier for you by adding the findings of 


J.M. HUBER CORPORATION 


BOB SPEED, RPM 


modern science to the ancient and exacting art of 
papermaking. 

Write us today for more information about 
Huber VISCONTROL. 


Rheograms of 71% clay-water mixtures. Hagan High Shear Viscometer 
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Rheogram shows superior properties of Huber Viscontrolled-clays at high shear rates. 


630 THIRD AVENUE, NEW YORK 17,N. Y. 


Mines and Plants: Huber, Ga., Graniteville & Langley, S. C. 
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COMING 
EVENTS: 


Calendar of 
National Conferences 


Eleventh Coating Conference 
Edgewater Beach Hotel, Chicago, III. 
May 23-25, 1960. 


Pulp Bleaching Conference 
Edgewater Beach Hotel, Chicago, Ill. 
June 14-16, 1960. 


Fourteenth Alkaline Pulping Conference 
Multnomah Hotel, Portland, Ore. 
Aug. 22-24, 1960. 


Forest Biology Conference 
Seattle, Wash. 
Aug. 24-27, 1960. 


Eleventh Testing Conference 
Pantlind Hotel, Grand Rapids, Mich. 
Sept. 27-29, 1960. 


Tenth Corrugated Containers 
Conference 

Royal York Hotel, Toronto, Canada 
Oct. 10-13, 1960. 


Fifteenth Plastics-Paper Conference 
Hotel Syracuse, Syracuse, N. Y. 
Oct. 17-19, 1960. 


Fifteenth Engineering Conference 
Robert Meyer Hotel, Jacksonville, Fla. 
Oct. 24-28; 1960. 


Please refer to 

Local Section Activities 
for the locations 

and dates of 

Section meetings 
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How Tangential Air Improves 
Furnace Performance 


In the C-E Recovery Unit, secondary air is introduced tangentially 
above the liquor sprays by an exclusive C-E method that inti- 
mately mixes high velocity air with unburned gases. Combustion 
is rapid and complete. Since the tangent jets of air give the gas 
mixture a turbulent, spiralling motion, longer travel within the 
furnace results. This eliminates stratification and reduces the 
amount of unburned char entering the screen and superheater 
zones. Temperature of exit furnace gases is generally lower and 
more uniform, too — minimizing slag deposits. 

C-E will be glad to discuss with you these and other advantages 


of tangential secondary air — which add up to greatly improved 
furnace performance, 


Combustion Engineering Building 
200 Madison Avenue, New York 16, N. Y. 
Canada: Combustion Engineering-Superheater Ltd. 


COMBUSTION ENGINEERING Ky 


C-258 


ALL TYPES OF STEAM GENERATING, FUEL BURNING AND RELATED EQUIPMENT; NUCLEAR REACTORS; PAPER MILL EQUIPMENT; PULVERIZERS: FLASH DRYING SYSTEMS; PRESSURE VESSELS; SOIL PIPE 


The C-E Recovery Unit. Section of illustration 
has been enlarged to show the upward-spiralling 
gas path produced by C-E's exclusive tangential 
introduction of secondary air. Inset (above, 
left): diagram of tangent principle. 
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“Enclosing 19° — 
Send Patent License” 


Well, perhaps there’s a little more 
to your gaining use of Becco pat- 
ents than just mailing your dollar 
in, but not much more. And cer- 
tainly, no more money. The $1.00 
really does cover it. 


Becco has lots of patents, 
granted as a result of innovations 
in the use of Hydrogen Peroxide 
and other Peroxygen chemicals 
developed in Becco’s Research 
Laboratories. But they don’t do us 
a whole lot of good locked tightly 
in our safe. So, we long ago 
adopted the following policy: 


If one of our patents can help 
you, we’ll be glad to license the 
rights to you perpetually, for just 
One dollar. You get a nice certi- 
ficate, incidentally, to cover the 
legalities, but more important — 
you also get free our complete 
engineering help in setting up 
your process, handling the mate- 
rial, maintenance, etc., etc. 


What do we get? You as a cus- 
tomer — we hope — but there’s no 
obligation on your part. Just 
seems to work out that way, 
though — when we know enough 
about a particular peroxygen to 
hold a patent on its use, chances 
are we’ve also learned enough to 
produce it purer than anyone 
else. You benefit from this; we 
do, too. 


Use the coupon below to ask 
for a Sales Engineer — or our list 
of patents —that may help you 
solve an important problem. 


BECCO CHEMICAL DIVISION, FMC 
Station B, Buffalo, New York 


: Dept. T-F 
Gentlemen: 


Please send your list of patents available 
on the use of 

(0 Hydrogen Peroxide 

(J Peroxygen Chemicals 

CJ Persulfate Chemicals 
( Please have a Sales Engineer call. 


NAME_——__—______ 


FIRM 


ADDR SS eee 


CITY — —— 


ZONE SA = 


How BRIGHT 
Is BRIGHT? 


That’s a hard question to 
answer. It depends on how the 
pulp is treated. 

Trouble is, paper can show 
an 86 level at the layboy, but 
by the time the paper is 
delivered, this has dropped to 
82 or lower. With conventional 
bleaching methods, that is. 

Many chemical pulp pro- 
ducers have found the answer 
to this problem in Becco’s 
Dryer Steep Bleaching Process 
(patented, but licensed perpet- 
ually for one buck). Applied by 
means of spray pipes across 
the pulp sheet ahead of the 
dryers, Becco Hydrogen Per- 
oxide increases brightness 
permanence and bleaches in 
transit. Often, in fact, an 86 
layboy level improves to 88 by 
delivery time. 

This is just one example. 
Becco has a vast amount of 
technical knowledge compiled 
from 31 years of experience 
with all types of pulp. If you’d 
like help with your pulp, free 
of any obligation, let us know 
with the coupon below. 


BECCO CHEMICAL DIVISION, FMC 
Station B, Buffalo, New York 


Dept. T-C 


Gentlemen: 


We would like help with our pulp. Please 
have a Becco Sales Engineer call. 


Ng ee — 


FIRM 


ADDRESS. 


CITY. 


ONE. STATES = 


Becco’s Four-Fold Engineering 
Service Program—ffered free 
—includes: 


1. Coniprehensive survey of 
your facilities. 


2. Specific proposal with 
recommendation of 
proved equipment and 
where it is obtainable. 


3. Installation supervision 
by Becco. 


4. Periodic inspection and 
permanent service. 


Can you use this free Becco 
help, based on more years of 
experience with bulk handling 
of H,0, than any other manu- 
facturer? Use the coupon to 
let us know. 


BECCO CHEMICAL DIVISION, FMC 
Station B, Buffalo, New York 


Dept. T-B 


Gentlemen: 


Please tell me more about your Four- 
Fold Engineering Service. 


NAME 


FIRM 


ADDRESS 


CITY. 


ZONES SsiTAl Ee E 


1 


the world’s \ 


FOR 33 YEARS, ever since we built the 
first successful pulpstone in 1926, Norton 
Company has been manufacturing and ship- 
ping pulpstones to paper mills in all parts 
of the world. Each has been carefully engi- 
neered to meet the special requirements of 
each individual mill. 

FOR 33 YEARS, Norton research men 
and technicians have been constantly at 
work, applying a wide variety of highly 


NORTON COMPANY, WORCESTER 6, MASS. 


Norton Company of Canada Ltd., Hamilton, Ont. 


EXPORT: Norton International Inc., Worcester 6, Mass. 


75 years of... Making better products...to make your products better 


10 A 


standard | for 


(NORTON, 


PULPSTONES 


specialized knowledge to the development 
of better pulpstones for better mechanical 
pulp. 

TODAY, a world-wide service organiza- 
tion of Norton pulpstone engineers, backed 
by 33 years of pulpstone experience, stands 
ready to study your mill and to recommend 
just the right Norton pulpstone for your type 
of wood, your type of grinder and the type 
of pulp you want to produce. 


Abrasives—Grinding Wheels 
Refractories —Electro-Chemicals 
Machine Tools—Non-slip Floors 
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For quality papers—four quality latices! 


Major improvements in paper are rolling out of the 
paper industry at a constantly increasing rate. Papers 
with special qualities are being developed for special 
needs. As this trend continues, manufacturers are 
becoming more and more selective about latices. 
Quality is vital. And the latex chosen must be exactly 
right for the specific type of paper being made. 


To meet this need, Goodyear offers four basic latices: 
PLIOLITE Latex in two forms (as a rubber or resin dis- 
persion ), PLiovic Latex (dispersion of vinyl copolymer 
resin) and CHEMIGUM Latex (dispersion of nitrile 
rubber ). All are available in a broad range of monomer 
ratios, particle sizes and types of stabilization. They 
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can be used alone —or in combination with each othé# 
—or as modifiers of your present materials. 


Among the benefits you can expect from these latices 
are: better body, drape, strength and dimensional 
stability—improved flexibility and softness —excep- 
tional resistance to aging—and outstanding wear 
qualities. 


You can also expect the finest in technical assistance 
when you work with a Goodyear latex. Contact your 
Goodyear Chemical Division Representative for all the 
facts. Or write for details —including latest Tech Book 
Bulletins —to Goodyear, Chemical Division, Dept. 
P-9432, Akron 16, Ohio. 


CHEMICAL DIVISION 


Chemigum, Pliolite, Pliovic—T. M.’s The Goodyear Tire & Rubber Company, Akron, Ohio 
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Tall Oil Industry 


JOSEPH M. WAFER 


IN ORDER that we may be in complete agreement 
as to the product or products under discussion, tall oil 
is officially described as follows: 

“Tall oil comes from the pinewood used to make 
sulfate pulp. The highly alkaline chemicals, used for 
pulping convert the fats and resin in the pulp wood into 
soaps and these are skimmed from the spent liquor. 
Tall oil results when the soaps, or skimmings, are 
acidified. The product, known as whole or crude tall 
oil, is often further processed to alter its properties or 
its chemical composition. 

Whole tall oil is a mixture of rosin acids and fatty 
acids with minor amounts of sterols, higher alcohols, 
and other nonacids. The rosin acids resemble those 
of commercial rosin, the fatty acids are mostly oleic and 
linoleic like the fatty acids of soybean oil. 

The properties of fatty and rosin acids vary consider- 
ably with the kind of pinewood used and with the 
details of wood handling operations. Whole tall oils 
ranging in rosin acids from 35 to over 55%, in fatty 
acids from 60 to 35%, and in sterols, etc., from 5 to 10% 
are to be found.” 

Although hardwoods are a major component of the 
southern forests, the substantial stands of pinewood in 
the southern states of the United States was the at- 
traction of the pulp and paper industry to locate nu- 
merous plants to produce sulfate pulp and its conversion 
to paper and board. 

Likewise, several producers of dissolving-type pulp 
(viscose and rayon grades) have also located in the 
southern states and use substantial cords of pinewood in 
the production of those types of pulp. 

It would, therefore, follow that the production of 
crude tall oil would originate where ever these pulp mills 
were located and be followed thereafter by the erection 
of a number of distillation and fractionation plants to 
crack the crude tall oil into its several components, L.e., 
tall oil rosin, tall oil fatty acids (of various rosin acid 
content), distilled tall, tall oil pitch, and tall oil heads. 

Statistics are always difficult to use currently because 
of the time lag and likewise the many revisions that are 
usually made by the different agencies. For this pur- 
pose, the current statistics are less important than what 
the industry projects for the future so that some esti- 
mate can be made of the product in which this group is 
primarily interested, 1.e., rosin. 

For this purpose the following sources of information 
are indicated: 

1. Bureau of Census, U. 8. Department of Commerce. 

2. Pulp Chemicals Association, New York City. An organi- 
zation made up of a number of producers of tall oil and also pro- 
ducers who are nonmembers, but who furnish statistical data 
in return for reciprocal arrangements. 

3. U.S. Pulp Producers Association, Inc., New York City. 
An organization that gathers and distributes information on all 
grades of pulp. 

Josurn M. Warer, West Virginia Pulp and Paper Co., New York, N. Y. 
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Since we are talking primarily about sulfate pulp ||> 
paper grades produced in the southern states of the PP 
United States, the following information will be of in- | 
terest as an indivation of the operating rate of gaa | 
in the various calendar years: 


1S iy aes Ee eer, Rae rrr oy aoe 96.3% 

L950 LAS Se oo ee ee ae 98.8% 

LO5G: Ms sce oteee oe ee Oe 96.4% 

LOBE lt Socks Rete ae Nea 98.7% 

LOD eit k eR toads ite 88.3% 

NOSSii.t cake > aes oe eee 80.2% 

1959: 5... ea eee 92.4%—estimate based 
on first 6 month’s 
production 


Table I shows that in the calendar year 1958 the |) 


U. 8. Pulp Producers Association reported the produc- || 


tion of sulfate pulp from pine (paper grades) in the |) 
amount of 9,203,726 tons (in southern states). 

Projected at rates of 70 to 90 lb. of crude tall oil per | 
ton of pulp would provide 322,130 to 414,168 tons of | 
crude tall oil. In turn, assuming that sufficient frac- 
tionation capacity would be available and again as- 
suming that a yield of 35% of tall oil rosin would have 
been possible, that quantity of crude tall oil would have 
provided tall oil rosin in the amount of 112,746 to 
144,959 tons. In the language used by your group, it 
would have provided a source of 433,637 to 557,535 
drums of 520 lb. each. 

To this potential would be added the amount of 
crude tall oil that is produced as a result of using pine- 
wood in the production of the so-called rayon and viscose 
type pulps. No individual figures are published on 
this, but potentially there is probably at least 30,000 
tons of crude tall oil annually available from that in- 
dustry. 

Actually, in terms of crude tall oil, Pulp Chemicals 
Association reported for the calendar year, 1958, a 
production by its members and purchases from non- 
members totaling 331,612 tons of crude tall oil. 
Again, assuming a yield on the average of 35% it would 
have furnished a source of tall oil rosin equivalent to 
116,064 tons or 446,400 drums of 520 lb. each. 

Actually, the reports issued by the Department of 
Agriculture indicate that for the full calendar year, 
1958, a production of tall oil rosin equal to 73,682 tons 

or 283,400 drums of 520 Ib. each. We should recognize, 
however, that there are rosin fractions being taken off 
these distillation streams that are interchangeably used 
against gum rosin, wood rosin, and tall oil rosin. 
However, because of the specifications contained in the 
revised Naval Stores Act, these fractions cannot be 
qualified as tall oil rosin, and consequently not reported 
in any production figures. To that extent, the figures 
are somewhat misleading as to the actual production of 
tall oil rosin if we wish to consider interchangeability. 

Ernest Holdman, a veteran of the naval stores in- 
dustry, and currently consultant for Heyden Newport 
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VANZYME 
SOL-PAKS 


Starch Liquefying Enzyme 
um water soluble packets 


Accurately pre-weighed quantities 
of standardized Vanzyme powder 
to convert starches 
for tub and calender sizing, machine 
coating and laminating adhesives. 


R.T. VANDERBILT CO., Inc. 


230 PARK AVENUE . NEW YORK 17, N.Y. 
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Table I 


Potential Potential 
tall oil tall oil 
rosin in rosin in 
Production in Car Oxat C.T.O. at Actual 
southern states Potential yield of j C.T.O. yield of ; production 
U.S.A. paper grades CREO’ 85% if Tall oil production 85% if Tall oil reported by 
sulfate pulp from production sufficient rosin & purchases, sufficient rosin Dept. Agri. 
pine— U.S. Pulp Projected if all tall fractionation equivalent 1968 fractionation equivalent Drums of 
Producers C.T.O. yields oil skimmings capacity to drums Pulp Chem. capacity to drums &20 1b. 
Association, per ton of acidified, available, of 620 1b. Association, available, of 620 lb. each, cal. 
cal. year 1958, tons pine pulp, lb. tons tons each tons tons each year, 1958 
9 , 203 , 726 70 BY Pa5 ei0) 112,746 433 , 637 331,612 116,064 446,400 283,400 drums 
75 345, 139 120,799 464,612 = 
80 368, 149 128, 852 495,585 73,682 tons 
85 391,158 136,905 526, 558 
90 414, 168 144,959 557 , 535 


The potential crude tall oil production does not envision any crude tall oil availability from grades of dissolving pulp made from pinewood. f 
However, actual production reported to Pulp Chemicals Association undoubtedly includes crude tall oil made from skimmings obtained in the production of 


dissolving grades of pulp (rayon pulp) where pinewood is used. 


Chemical Corp., has for many years compiled naval 
stores data covering production, disposition, etc., of 
rosin and turpentine. 

Using some of these figures over a 50-yr. period, we 


quote production data for gum and wood rosin, and ~ 


more recently, tall oil rosin. 

We have arbitrarily selected four periods for each of 
the naval stores years ending March 31, 1909, 1939, 
1949, and 1959. 


Added 
Naval stores production of 
year ending Gum, Wood, Total, tall oil 
March 31 drums@ drums drums rosin, drums 
1909 1,998, 400 “eS 1,998, 400 
1939 1,466,344 610,330 2,076,674 
1949 921,220 1,154,890 2,076,110 A bc 
1959 369,350 1,182,620 1,551,970 305 , 060 


a All drums, 520 lb. each. 


Including the production of tall oil rosin in the Naval 
Stores year ending March 31, 1959, we arrive at a total 
of 1,857,030 drums, which compares with the production 
of 1,998,400 drums of rosin produced 50 years ago which 
at that time all consisted of gum rosin. To those of us 
who are engaged in the chemical industry, we would cer- 


tainly have to reach the conclusion that very little prog- 
ress production-wise has been made in this 50-yr. period 
except to the credit of the wood naval stores segment, 
that they were able to fill the gap left by the constant 
decline in gum rosin production. 

This same veteran, Ernest Holdman, has publicly 
stated on numerous occasions that the supply of stumps 
in economic locations may likewise adversely affect the 
future production of wood rosin, and to that extent de- 
clines may be expected according to him in the not too 
distant future. 

The constant decline in gum rosin production over the 
years and the indications of a similar situation develop- 
ing on wood rosin production would lead one to believe 
that the entrance into the tall oil production field by 
large factors in the naval stores industry was in anticipa- 
tion of the opportunities offered to them of an alterna- 
tive source of supply of rosin. 

Such companies would include Hercules Powder, 
Heyden Newport Chemical Corp., Monsanto-Emery, 
Glidden Co., Crosby Chemical Co., and Arizona Chem- 
ical Co. The latter company is a jointly owned enter- 
prise involving American Cyanamid Co. and the In- 


Table II 
Potential Potential 
io. tall orl tall oil 
Production in rosin in rosin in 
southern states p C.T.O. at C.T.Q. at Actual 
U.S.A. paper grades Potential yield of CORO: yield of production 
sulfate pulp from Cuts; 85% if Tall oil production 85% if Tall oil reported by 
pine—U. 8S. Pulp ; production sufficient rosin & purchases, sufficient rosin Dept. Agri 
Producers Projected tf all tall Sractionation equivalent 6 mos. 1959 fractionation equivalent Drums of , 
Association, C.T.O. yields oil skimmings capacity to drums Pulp Chem. * capacity to drums 20 lb 
6 months 1/1/59 to per ton of acidified, available, of 620 lb. Association, available, of 520 Ib. each—6 mo 
7/1/69, tons pine pulp, lb. tons tons each tons tons each 1959 7% 
5, 209 , 933 70 182,347 63 , 821 245, 465 205,393 71,887 Dt 
yOC 71,887 276,488 178,160 drums 
B Te 68, 380 263 , 000 ae 
208 , 39 72,939 280,535 46,322 t 
4<Z tons 
85 221, 422 77,498 298 , 069 
90 234,447 82,056 315,600 


The potential for the full calendar year, 1959, at the above rate is projected as follows: 


Potential Potential 
tall orl tall oil 
rosin in rosin in 
Southern states C.T..0. at ¢.T 0. C.T.O. at 
U.S.A. paper grades Potential yield of ’ production siela of Fe oe 
sulfate pulp from C.T.O. 35% if Tall oil & purchases 35% if Tall oil reported by 
pine—U. 8. Pulp . production sufficient rosin projection sufficient rosin Dept. A o 
Producers Projected Af all tall fractionation equivalent 1959 cal. yr. fractionation equivalent Drums ge : 
Association— C.T.O. yields otl skimmings capacity to drums Pulp Chem. capacity to drums 620 lb 
projection for full per ton of acidified, available, of 620 lb. Association, available of 620 1b each, cal 
cal. year 1959, tons pine pulp, lb. tons tons each tons ue when yearihese 
10,419, 966 70 364, 694 127,643 490,935 410, 786 143,775 552,976 
75 390, 744 136, 760 526, 000 
80 416,794 145,878 561,069 
85 442 , 844 154,995 596, 135 
90 468 , 894 164,113 631, 204 
The potential crude tall oil production does not envision any crude tall oil availability from grades of dissolving pulp made from pinewood. However actual 


production reported to Pulp Chemicals undoubtedly includ i \ : . * : . 2 
Patp) where pinewood ts uulived: y udes crude tall oil made from skimmings obtained in the production of dissolving grades of pulp (rayon 
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This User is Cleaning Up with BIRD CYCLE 
SO CAN YOU! 


The Cyclean installation pictured has helped 
to put its user in a much stronger quality posi- 
tion. Its ability to take out shives and specks 
has eliminated a major problem of quality 
maintenance and a costly source of rejects — 
all with a shrinkage of less than half of one per 


cent. 


Cycleans come in three sizes: 4” dia. with 36 
gpm inlet capacity per unit; 7” dia., 120 gpm; 
12” dia., 500 or 850 gpm. They are helping 
mills making a variety of grades to reduce 
breaks, cut washup time, increase wire life, step 
up machine speed, and improve fibre hydration 


as well as guard quality and uniformity. 


Let us make recommendations, layouts, estimates. 


Table III. Production Data—Gum, Wood, and Tall Oil Rosin for Naval Stores Years Ending March 31, 1909, 1939, 1949, \J a 
and 1959 


Added production 


ee eines ee of tall oil rosin, drums 


ending March 31 Gum, drums Wood, drums Total, drums 


1909 1,998, 400 Son 1,998, 400 
1939 1,466,344 610,330 2,076,674 
1949 921,220 1,154,812 2,076, 110 ee; 
1959 369 , 350 1,182,620 etalk (i740) 305, 060 
Potential Southern states, age 
Souter e : te pls of ia, rosin in 
paper grades CAO mat pulp production 4 C.T.O. at 
sulfate pulp Potential yield of ; (paper grades) : Potential yield of A 
from pine— C.T.0. 86% tf Tall oth (from pine) Projected C.T.O. 35% if Tall ot 
U.S. Pulp production sufficient rosin required ‘68 C.T.O. yields production sufficient rosin 
Producers Projected tf all tall fractionation equivalent based on ‘‘Pulp, per ton of __ tf all tall fractionation equivalent 
Association C.T.0. yields oil skimmings capacity to drums Paper and Board _ 1b. oil skimmings capacity to drums 
capacity— per ton of acidified, available, of 620 lb. Supply pine pulp, acidified, avatlable, of 620 lbs. 
1960, tons pine pulp, lb. tons tons each Demand,” tons lb. tons tons each =a 
11,566, 685 70 404, 833 141,692 544,970 13,596, 000 70 475,860 166, 551 640, 581 
a8) 433,750 151,813 585, 896 75 509 , 850 178, 448 686 , 338 
80 462 , 667 161,933 622,819 80 543 , 840 190,344 732 ,092 
85 491,584 172,054 661,746 85 577 , 830 202,241 777,850 
90 520, 500 182,175 700, 673 90 611,820 * 214, 187 823 , 604 


ternational Paper Co. American Cyanamid is a large 
factor in the production of rosin size and International 
Paper, of course, is a large consumer. 

Let us review, then, what is currently taking place in 
the tall oil industry to see to what extent tall oil rosin 
availability from this industry might help to fill the gap 
represented by the constant decline in gum rosin pro- 
duction, and to what extent it might supplement the 
further losses that may be involved with wood rosin 
production. 

For this purpose, we also reproduce Table II which 
gives the following information: 

Production of sulfate pulp (paper grades) from pine- 
wood in the south for the first 6 months of the calendar 
year, 1959, as reported by the U. §. Pulp Producers 
Association, totaled 5,209,933 tons. 

Again assuming yields of 70 to 90 lb. of crude tall oil 
per ton of pine pulp, it offered a potential source of crude 
tall oil to the extent of 182,347 to 234,447 tons. 

Again assuming adequate fractionation capacity and 
again assuming a yield of 35% of tall oil rosin, that 
quantity of crude tall oil would have provided a source 
of 63,821 to 82,056 tons of tall oil rosin, or the equivalent 
of 245,465 to 315,600 drums of 520 lb. each. 

Production of crude tall oil and purchases from non- 
member companies as reported to the Pulp Chemicals 
Association for the first 6 months of the calendar year, 
1959, totaled 205, 393 tons of crude tall oil. 


Assuming a potential yield of 35% of rosin, this would | 
have provided a source of 71,887 tons or 276,488 drums | 
of 520 lb. each. 

The actual production of tall oil rosin for that 6- | 
month period, as reported by the Department of Agri- 
culture, totaled 46,322 tons, equivalent to 178,160 | 
drums of 520 Ib. each. 

Again, the same comment must be made that there 
are rosin fractions coming off these distillation streams | 
that for many purposes are interchangeable with gum, 
wood, or tall oil rosin. However, since they cannot 
qualify as tall oil rosin, no production figures are re- 
ported. To that extent, these figures are again mis- 
leading if we are thinking in terms of interchange- 
ability or replacement. 

Again, on the potential availability of crude tall oil, 
we do not take into consideration the amount of crude 
tall oil that becomes available from the production of 
rayon and viscose-type pulps where ever pinewood is 
used. 

Projecting crude tall oil production for calendar year, 
1959, and again in the same category, we would come up 
with a potential tall oil rosin equivalent of 552,976 
drums of 520 lb. each. However, if we conclude that 
the actual production will be double that of the first 6 
months, then for the full calendar year of 1959 the tall 
oil rosin production would reach 356,320 drums. 
Again, the potential crude tall oil availability would be 


Table IV 
Prices on 
crude soya Prices U. S. 
bean oil, cents soya bean oil 
Soya bean average per pound in meal—average 
Crop years, 1929-57 Paik ea Sate taacars at price per ton 
(begin October 1) Year bushel Year ce ak Year Page te Qe 
Crop Years 1929-38 
1929-30 High $1.88 1929-30 High 9.1 1929-30 High $50.40 
Seasons price average 1931-32 Low 0.50 1931-32 Low 3.4 1938-39 Low $26... 
Ten-year lowest 1932-33 0.44 1932-33 2.9 
Ten-year highest 1929-30 2 Lk 1929-30 10.7 
Crop Years 1939-48 
1947-48 High $3.33 1947-48 High 23.8 1947-48 High $91.60 
Seasons price average 1939-40 Low 0.81 1939-48 Low 4.9 1939-40 Low 28.90 
Ten-year lowest 1939-40 0.67 1939-40 3.9 
Ten-year highest 1947-48 4.11 1946-47 33.6 
Crop Years 1949-57 
1951-52 High $2.73 1950-51 High 17.8 1951-52 High $96.25 
Seasons price average 1957-58 Low 2.08 1957-58 Low 10.8 1956-57 Low 58.85 
Ten-year lowest 1949-50 1.95 1951-52 Qeih 
Ten-year highest 1950-51 By 1950-51 20.6 
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The New Roll 


ONLY 1% of your production system is used to make your paper 
or board into rolls. The other 99% of your plant investment is already 
on the line when the web spins off the unwind, and that’s a poor time to 
gamble on a piecemeal roll production system. Why risk imperfect rolls, 
lost time and damaged materials when it is so easy to control the roll 
from unwind to rewind on an integrated system engineered by spe- 
cialists? The integrated system pays off in continuous production of 
clean-cut, straight-sided rolls of uniform, controlled density, ideal for 
handling and shipping, and perfect for feeding to printing and convert- 
ing operations through faster, longer, troublé-free runs. That’s The New 
Roll! Integrate your roll production system and get The New Roll now! 


CAMERON BRAKES 


Continuous duty pneumatic fric- 
tion unwind brakes varying in 
capacity from 3 to 5 horsepower, 
on up to 360 horsepower, available 
in many different models and 
arrangements. 


CAMERON UNWINDS 


Shaftless and shaft-type unwind 
Continuous Duty Brakes stands, including the shaftless 

automatic pickup type, all avail- 
able in capacities to suit. 


CAMERON CONSTANT TENSIONS 


Several highly developed types 
including the pneumatic dancer 
roll type, and pneumatic-hydrau- 
lic and electric models, all featur- 
ing fast, sensitive response; all 
available with electronic or air- 
operated side register controls. 


CAMERON MILL TYPE WINDERS 


Two-drum surface wind, and sur- 
face-center wind models, each 
available in several series, includ- 
ing the famous Cameron Imperial, 
world’s fastest heavy-duty mill- 
type winder. The Cameron line 
includes winders and slitter- 
rewinders to meet every mill and 
Constant Tension Systems finishing room requirement. 


( 


Mill Type Winders 


Unwind Stands 


Converting Equipment 


aH srs 


WEB UNWIND ani C 


AD ROCKSTROM, Vice: reste 


By LEONA 


“ROLL UNWINDING, SL 
REWINOING METHODS 


protects your investment! 


The New Roll...the symbol for fin- 
ished rolls of superbly controlled 
quality, produced with matchless 
speed and efficiency on a completely 
integrated roll production system, 
engineered from unwind to rewind by 
Cameron specialists. 


Here is the background for truly integrated roll control... 


OPTIONAL EQUIPMENT 


Optional Cameron equipment, 
designed to save time and mini- 
mize damage, includes automatic 
shaft injectors, shaft pullers, core 
loaders, roll ejectors and roll un- 
loading tables. 


ACCESSORIES 


Cameron accessories include 
pneumatic score-cut, shear-cut 
and special slitter elements, slitter 
wheels, slitter wheel grinders, core 
cutters, etc. 


PNEUMATIC SHAFTS 


Famous custom-built TIDLAND 
pneumatic shafts for all types of 
roll winding and unwind service 
are sold exclusively by Cameron. 


In addition to equipment for 
paper and paperboard mills, Cam- 
eron designs and buildsa complete 
line of roll production equipment 
and roll controls for paper, film 
and foil converters, textiles, rub- 
ber and hundreds of miscellaneous 
industrial applications. 


Thus, Cameron offers you the 
complete background for a truly 
integrated roll production system. 
To stay ahead, call the Cameron 
team of specialists... get The 
New Roll now! 


These two valuable books have been written by Cameron specialists to help you break 
through to new higher levels of profitable operation. Request, by title, your free copies. 


CAMERON MACHINE COMPANY, FRANKLIN ROAD, DOVER, N. J. 


Canada: Cameron Machine Co. of Canada, Ltd., 15 Hatt Street, Dundas, Ontario 
AA-376 France: Batignolles-Chatillon, 
eee ee eee ee ee ee ee eee ee ee 


5 Rue De Monttessuy, Paris (7e) France 


a team of specialists 


54 years devoted exclusively to the design and manufacture of slitting, roll winding, unwind and web control equipment. 
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ITA 


Potential 


enhanced by the quantity that is available from the pro- 
duction of rayon and viscose pulps wherever pinewood 
is used. 

Considering that the production of gum rosin for the 
naval stores year ending March 31, 1959, totaled 369,350 
drums of 520 lb. each, and again taking into considera- 
tion that year by year there has been a constant decline 
in the production of gum rosin, we may see for the first 
time that for the naval stores year ending March 31, 
1960, that tall oil rosin production may surpass gum 
rosin production. 

By following the same pattern as in the previous 
tables, we will project the potential tall oil rosin that 
may be coming out of the industry. 

The U.S. Pulp Producers Association indicate that 
the capacity in the southern states for the production of 
paper grades of sulfate pulp for 1960 is 12,399,948 tons. 
Based on the relative growth over the years of sulfate 
pulp made from hardwoods and softwoods, they ar- 
rived at an estimate as follows: 


Hardwood pulp capacity (sulfate)......... 


833,263 tons 
Softwood pulp capacity (sulfate)......... 


11,566,685 tons 

Let us assume for the purpose of developing potential 
that the pulp mills in 1960 would operate at 100% of 
capacity, and since we are discussing pine pulp, ob- 
viously we will use only that segment intended, i.e., 
11,566,685 tons. We then arrive at the following poten- 
tial: 

The Department of Commerce recently revised a re- 
port dated June 17, 1957, and resubmitted a further re- 
port on July 15, 1959, to the Congressional Committee 


18 A 


Southern y 
states tall orl 
U.S.A. rosin in 
rae pe Potential CU oF 
ote 
Won Gee TO. 36% if Tall oil 
U. S. Pulp Projected production sufficient rosin 
Producers C.T.0.4 if all tall fractionation equivalent 
Association yields oil skimmings capacity to drums 
capacity— per ton of acidi fied, available, of 620 lb. 
1960, tons pine pulp, lb. tons tons each 
11,566, 685 70 404, 833 141,692 544,970 
75 433,750 151,813 583 , 896 
80 462 , 667 161,933 622,819 
85 491,584 172,054 661,746 
90 520, 500 182,175 700,673 


aC,.T.O. = crude tall oil. 


on Domestic and Foreign Commerce. This report is | 
entitled, “Pulp, Paper and Board Supply Demand— 
Newsprint Outlook... 1959.” 

This report estimates that in 1965 there will be re- | 
quired production in the United States of 43,800,000 
tons of paper and board. Your speaker requested the 
secretary of the U.S. Pulp Producers Association to see 
whether a further interpretation of this report could be 
made. This would be needed in order to get some esti- 
mate on my part of what 1965 would require in terms of 
sulfate pulp (paper grades) originating in the southern 
states. i] 

Many assumptions had to be made, but the secretary | 
concluded on an historical basis that in 1965 there || 
would be required a production in the United States | 
of 17,800,000 tons of sulfate pulp. Historically, the 
southern area has accounted for approximately 82% of 
the production of sulfate pulp (paper grades), so on that 
assumption, the conclusion reached was that in 1965 
based on this government report, there would be re- 
quired production in the southern area of 14,596,000 
tons of sulfate pulp (paper grades). 

Your speaker then translated these figures to the 
basis that in terms of softwood pulp (paper grades) this 
would mean a required production in the south of 
13,596,000 tons, and leaving 1,000,000 tons of sulfate 
pulp to be made from hardwoods. 

Again, utilizing this figure of 13,596,000 tons as re- 
quired production in 1965, we could then reach the fol- 
lowing conclusions: 


Southern 
states, 
estimate of 
sulfate pulp 


production Potential 
(paper grades) tall oil 
(from pine) rosin in 
required C.T.O. at 
in 66 Potential yield of 
based on CT: 85% if Tall oil 
“Pulp, Paper Projected production sufficient rosin 
and Board C0: af all tall fractionation equivalent 
Supply yields oil skimmings capacity to drums 
Demand,” per ton of acidi fied, available, of 620 lb. 
tons pine pulp, lb. tons tons each 
13,596 , 000 70 475,860 166,551 640,581 
(ASS 509 , 850 178,448 686, 338 
80 543 , 840 190 , 344 732,092 
85 577 , 830 202,241 777,850 
90 611,820 214,137 823 , 604 


Although the pulp and paper industry has been run- 
ning at a high rate of production during the present year, 
there are still indications that the present capacity will 
not be fully utilized until somewhere around 1960. If 
this estimate is finalized, then the figures reported by the 
government as being required in 1965 may be pushed 
back further. For the first 6 months of the calendar 
year 1959 production of paperboard in the United States 
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Advanced Design Open Side Calender 


ee 


a = = 


Mechanical lifting for 
quick, easy removal 
of any roll without 


Top roll is air loaded i i 
bles and intermedi- ee cneee ponte 


ate rolls are lifted 
mechanically. 


Solid box framing for 
rigidity and vibration 
dampening. 


Stabilizing points on 
arms keep rolls from 
shifting right or left. 


eg acta 
er 
——n CC ia 
————— 
LC, (Wek 
( 1 ) 


Adjustable arm pivot 
points insure correct 
roll alignment. 


Doctor settings al- 
ways constant — 
mounted on bearing 
eos acne le 
ro 


Long arms simulate 
Straight line vertical 
movement of rolls— 
reduce ‘“‘barring.’’ 


A papermaker interested in a modern calender that is easy t 
operate and maintain will instantly recognize and appreciate 
the superior design features of this open side calender. 


This modern open side calender is part of Black-Clawson’s 
comprehensive advanced design standardization program fo! 
all paper machine components. Used as single or double 
stacks, this rugged calender stack is built in three basic sizes 
to suit large, medium or small machine requirements. Plar 
now to learn more about it. Call or write... 


The Black-Clawson Company 
Paper Machine Division, Watertown, N. Y. 


Another Advanced 
Engineering Design 


IGEPAL 


NEW BOOKLET! 


IGEPAL a2 


peer kereT Ce TAIN Is manufactur 


@ IN PULP MANUFACTURE 


Cooking —_ Deresination 
Washing Bleaching 


@ IN PAPER MANUFACTURE GENERAL DYESTUFF COMPANY « AXTARA CHEMICALS 


. . SALES DIVISIONS OF GENERAL ANILINE & FILM CORPORATION 
Aid to Formation 436 HUDSON STREET « NEW YORK 14. N.Y 
Reduction of Air-Sizing Effect 


@ IN FELT WASHING 
This 24-page brochure describes the uses in pulp and 


e@ IN DEINKING OF PAPER paper manufacture of four IGEPAL surfactants: 


IGEPAL CO-630, the universal surfactant, outstanding 


@ IN STRIPPING AND CLEANING 
OF RAG STOCK 


for efficient detergency, emulsification, dispersing, and 
wetting; 
IGEPAL CO-610, the surfactant of comparable effi- 


ciency, used in place of Igepal CO-630 where a lower- 


foaming product is required; 


IGEPAL DM-710, the nonionic surfactant distinguished 


ee 


ANTARA CHEMICALS from these others by higher molecular weight and by 
i 435 Hudson Street, New York 14, N. Y. unusual emulsifying properties and detergency; 
QO Please send booklet AP-97, IGEPAL SURFACTANTS IGEPALCO-210, the oil-soluble defoamer and co-solvent. 
IN’ PULP AND PAPER MANUFACTURE to: 
Your attention is called particularly to the section on 
Metts (Tine) the use of IGEPAL CO-630 IN FELT WASHING. 
iB Company Given are formulations for cleaning wet-end paper- 
noah machine felts and suggestions (illustrated by diagrams ) 
for installation of washing equipment. 
City Zone State 
This booklet will have day-by-day usefulness for 
ae See] ae GS ae ees CE you. Send for it today; use the accompanying 
coupon or your company’s letterhead. 


Cie (7D ae eee ere ae SPD) )-s- 
Fuom deeseauchy Ue fookivy 
U 


GENERAL DYESTUFF COMPANY - ANTARA CHEMICALS 
SALES DIVISIONS OF GENERAL ANILINE & FILM CORPORATION 
435 HUDSON STREET + NEW YORK 14, N. Y. 


SALES OFFICES: New York * Providence * Philadelphia * Charlotte * Chattanooga * Chicago 


Portland, Ore. ¢ San Francisco * Los Angeles. IN CANADA: Chemical Developments of Canada, Ltd., Montreal 


IGEPAL surfactants, manufactured by General Aniline & Film Corporation, are sold outside the United States by distributors all over the world, under the trademark ‘‘Antarox.”’ 
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NEW BAILEY 
Multi-Pointer Gage 


FORCED 


MILL bE 
PRESSURE | ORAET- 


...has twice as many indicators 
...o taller than a telephone! 


Now the popular versatile Bailey Multi-Pointer Gage has 
been reduced in size to conserve control panel space— without 
loss of easy readability. 


Each new Multi-Pointer Gage Unit offers you these three 

choices to— 

1. Measure and indicate draft, pressure, differential pressure 
and level. 


2. Transmit above variables either pneumatically or elec- 
trically to remote indicators, recorders and /or controllers. 


3. Receive and indicate any measured variables which may 
be transmitted pneumatically by standard SAMA ranges 
of 3-15 psig. or 3-27 psig. 


- FEATURES 


Compact Size—Two large, easily-read 7” scales in space only 
4 inches wide. 

Wide Range Selection — Standard ranges from 0-0.5 in. H2O 
to 0-5000 psig available. 


BAILEY METER COMPANY 


1077 IVANHOE ROAD 


in Canada—Bailey Meter Company Limited, Montreal 
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Choice of Standard Colors — Satin Black, Slate Gray, Moss 
Green, or Terra Tan may be selected as an exterior color at 
no additional cost. 


Colored Scales — Scales available in white, red, green, blue, 
yellow, or orange. 


Fluorescent Illumination — All gages have slideout unit con- 
taining bulb and starter for ease of maintenance. 


Readily Accessible Adjustments — Zero adjustment made 
from front of gage. Other adjustments made from rear of gage. 


Two-point Positive Mounting — Gage unit mounted with two 
clips . . . no holes to drill or studs to weld. 


Unlimited Indications — Any number of basic two-indicator 
units may be placed side-by-side to provide indications of 
related factors. Each two-indicator unit is separately mounted. 


For additional information, call your local Bailey District 
Office, or write us direct. 


Pulp and paper division 


e CLEVELAND 10, OHIO 


21A 


DRAPER BROTHERS COMPANY 
CANTON, MASS. 


totaled 17 million tons—up 13.6% over same period 
1958 and 5% high than first 6 months calendar year 
1956. 

Ernest Holdman indicates that for the Naval Stores 
year ending March 31, 1959, the production of wood 
rosin amounted to 1,182,620 drums of 520 lb. each. In 
effect, this would mean the equivalent of 307,481 tons. 

To provide 307,481 tons of tall oil rosin, the amount of 
crude tall oil availability would have to total 878,517 
tons. This is based on a yield of 35% of tall oil rosin, 
and again the assumption that fractionation and dis- 
tillation equipment would so provide. 

Now, translating this back in terms of pulp, and 
utilizing a yield of 90 lb. of crude tall oil per ton of pine 
pulp, it would be necessary to produce 19,522,711 
tons of sulfate pulp (paper grades) utilizing pine as the 
source. 

While the pulp and paper industry has continued to 
expand, it is not likely that we will see a production 
such as that for some considerable period, so your 
speaker would have to conclude that the tall oil in- 
dustry, for a great many years to come, will be unable 
to replace the production of wood rosin as reported for 
the Naval Stores year ending March 31, 1959. 

To what extent there may be further increases in the 
utilization of hardwood for the production of sulfate 
pulp would likewise have adverse affects on the po- 
tential crude tall oil availability in the future. 

Your speaker again is forced to use some of the state- 
ments of Ernest Holdman, consultant to Heyden New- 
port, to the extent that possibly gum rosin production 
may take on a new lease on life, or the country may be 
forced either to import rosin or certainly decrease its 
exports to those countries that can be supplied with 
rosin from other world sources. 

Otherwise, one would have to reach the further con- 
clusion that other products would have to be substituted 
for rosin for the many new uses now involved. 

The incentive to increase production of tall oil rosin 
is the market already available by the declining pro- 
duction of gum rosin and some indications of a lesser 
production of wood rosin. 

The rosin acids available in crude tall oil potential 
production indicates currently that there is insufficient 
fractionation capacity to take full advantage of these 
opportunities. This situation will certainly be rem- 
edied, as there has recently been an announcement of 
new fractionation unit to be installed in Louisiana with 
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a put through of a minimum of 40,000 tons of crude tall 
oil annually. Two other expansions have also been in- 
dicated that will probably have a further need of ap- 
proximately 25,000 tons of crude tall oil per year. 

The economics would indicate that there will be more 
price strength in the foreseeable future in the rosin 
fractions of tall oil than in the distilled or fatty acids, 
except where specialty products may be involved. 

The upward price movement announced for the 


fourth quarter of 1959 on wood rosin of 90¢ per 100 I 


lb. and further price increases on light grades of rosin 
size for the same period follows a previous decline in the 
price structure of distilled tall oil and fatty acids due to 
competitive conditions in the price of soya bean oil with 
which it competes in the protective coating industry. 

We have shown in Table II that the production of 
crude tall oil for the first 6 months of the calendar year, 
1959, and projected at the same rate for the full 
calendar year would have a potential of 552,976 drums, 
although the actual production may only reach 356,320 
drums if it followed the actual production pattern for the 
first 6 months of 1959 (tall oil rosin). 

These number of drums coming out of the tall oil 
industry potentially would be just about enough to pro- 
vide for the equivalent of the rosin needed in terms of 
rosin size for the paper industry, for in the naval stores 
year ending March 31, 1959, government figures indi- 
cated that the paper industry consumed 546,266 druins. 

There must also be taken into consideration that with 
the modern equipment installed at these tall oil frac- 
tionation plants that the color standards of tall oil 
rosin in many cases are such that they cannot be graded 
on the American Rosin Scale. This conventionally 
could mean that most of the light grades of rosin size in 
the future will look toward the utilization of tall oil 
rosin. } 

The protective coating industry has always been a 
substantial consumer of tall oil products made possible 
by good quality products coming out of the industry, 
and for a substantially long period, a stable price struc- 
ture. 

In the protective coating industry tall oil fatty acids 
have made considerable inroads due largely to the wide 
price fluctuation of soya bean oil with which it com- 
petes. 

While the price structure of soya bean oil was going 
up, it made possible substantial applications of tall oil 
fatty acids because of the economic advantage. How- 
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‘Eney re both cats, but... 


each is in a class by itself... like Wyandotte’s PURECAL® O 


You’d never mistake a jungle tiger for a pet kitten 
. . . but are you as aware of the difference in 
calcium carbonates? 

For, all calcium carbonates are not alike. Wyan- 
dotte Purrcat O— the calcium carbonate that’s 
in a class by itself — is precipitated by a special 
process which yields agglomerate-free particles 0.15 
micron in size, consistently cubical in shape. 
What’s more, PurrcaL O exceeds U.S.P. purity 
standards — and is a product of exceptional white- 


ness. 


\/ 


nd 


WYANDOTTE 


CHEMICALS. 
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Wyandotte CHEMICALS 


For these reasons, PurecaL O in paper coatings 
improves flow and leveling for better printability 
... provides a smoother, whiter surface that brings 
out all the beauty of the four-color process, and 
reproduces halftones in faithful detail. 

Try Purecau O in your formulation, and dis- 
cover for yourself how it can help you make a 
better sheet to sell at competitive prices. Write for 
samples and technical data, today. Wyandotte 
Chemicals Corporation, Dept. 754-T, Wyandotte, 
Michigan. Offices in principal cities. 


MICHIGAN ALKALI DIVISION 
PACING PROGRESS WITH CREATIVE CHEMISTRY 


ever, now our industry faces an adverse situation in that 
the prices of soya bean oil have been moving downward, 
and to that extent, the tall oil fatty acids may find 
substantial difficulty at present price levels to cope with 
that situation. 

We provide a table covering the soya bean industry 
for the crop years beginning October 1, 1929-57. In 
this table we show the high and low prices for soya bean 
received by the farmers, the price of crude soya bean oil 
in tankears at midwestern mills, and the price of the 
soya bean oil meal in bags at Chicago. 

We break this down into three 10 yr. periods: 


PrrRiop 1929-88 


Soya beans: Low price—44¢ a bushel (crop year: 
High price—$2.11 a bushel (crop year: 1929-30) 

Soya bean oil: Low price—2.9¢ a pound (crop year: 1932-33) 
High price—10.7¢ a pound (crop year: 1929-30) 

Soya bean oil meal: Low price—$26.00 a ton (crop year: 
1938-39 ) 
High price—$50. 40 a ton (crop year: 


Prrtiop 1939-49 


Soya beans: Low price—67¢ a bushel (crop year: 
High price—$4.11 a bushel (crop year: 1947-48) 

Soya bean oil: Low price—3.9¢ a pound (crop year: 1939-40) 
High price—33.6¢ a pound (crop year: 1946-47) 

Soya bean oil meal: Low price—$28.90 a ton (crop year: 
1939-40) 
High price—$91.60 a ton (crop year: 


Prriop 1949-57 


Soya beans: Low price—$1.95 a bushel (crop year: 1949-50) 
High price—$3.12 a bushel (crop year; 1950-51) 

Soya bean oil: Low price—9.1¢ a pound (crop year: 1951-52) 
High price—20.6¢ a pound (crop year: 1950-51) 

Soya bean oil meal: Low price—$58.85 a ton (crop year: 
1956-57) 
High price—$96.25 a ton (crop year: 


1932-33) 


1929-30) 


1939-40) 


1947-48) 


1951-52) 


Obviously, erratic price changes on soya bean oil 
when they are moving upward offer many advantages 
to the tall oil industry if the intent would be to have 
stable prices always at low levels, for the industry over 
the years has done exactly that, and has not attempted 
to take advantage of the prices involved with other 
competitive fats and oils. However, it is apparent that 
when the erratic price structure works in the other 
direction, that the prices at previous levels are seldom 
recognized. Therefore, the tall oil industry must learn 
how to cope with all of these problems, and several of 
the suggestions by the speaker have already been indi- 
cated. 

With a bumper crop of soya before us, and the indi- 
cations that cotton seed oil will sell at lower levels would 
make it appear that the price structure on soya bean 
oil may decline further. 

Cotton seed oil and soya bean oil compete for inter- 
changeable uses in the edible field, and it would be un- 
reasonable to expect the processors of soya bean oil to 
lose position. 

It appears at this stage that with the naval stores 
factors in the tall oil industry that the prime effort will 
be in the direction of the tall oil rosin and that frac- 
tionation equipment will be installed to take advantage 
of all of the tall oil rosin that may be made possible from 
the production of crude tall oil. 

To that extent, unless the tall oil industry can find 
some unique application for the tall oil fatty acids, it is 
inconceivable that they can afford to lose their position 
in the protective coating field. 
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Therefore, it would appear on the surface that if low} 


prices are going to prevail on soya bean oil over the fore- 
seeable future that our industry must give every con- 
sideration to finding disposition of these tall oil fatty 
acids. 

With the crude soya bean oil prices at present levels, 
there must be added on the cost of refining and freight— 
largely to the primary markets—of about 2¢ a Ib. 
Against this is the need of adding alcohol either in the 


form of pentaerythritol or glycerin to make useable the }/)> 
In most cases, this ||) 


utility of the tall oil fatty acids. 
averages out about 3¢a 1b. Therefore, if the competi- 
tion into the protective coating field is against soya bean | 
oil, one can easily measure the price relationship that. 
must exist in order to be competitive. 

To meet this price situation, the tall oil industry then 
must face several alternatives: 

1. Obtaining lower price structure on crude tall oil. 

2. Securing markets outside of the protective coat-— 


ing field where it may not be subject to the same price ie 


competition as from soya. 


3. The production of derivatives from the tall oil, | 
fatty acid fractions, which may then permit upgrading | | 
| 

4. Finding more available markets for two of the | 
fractions which constitute perhaps 25% of the original |) 


of the price structure. 


crude feed, i.e., tall oil pitch and tall oil heads. Much | 


of these faction are being burned as fuel perhaps not to | 


exceed $20.00 a ton so that currently, they represen || 
quite a drain on the oil operations. 


5. A further alternative is to raise the price of tall || 
oil rosin more nearly to the wood rosin price, particu- : 
larly where they may be interchangeable say for the 


production of rosin size. In that area, of course, the 


paper industry would be paying a higher price in order | 


to get some final benefits. 


It is apparent that in previous years the naval stores | 


group had more or less looked upon tall oil rosin as a 
competitor. From these series of tables which have 
been put together, it now appears that this group can 
welcome us as a full ally in order that the total pro- 
duction of all forms of rosin may continue at reasonably 
high levels in order to protect at least the domestic con- 


sumption, and perhaps leaving other world producers to. 


provide for those markets that on the surface may not be 
provided too long from United States production. 
less gum rosin production may be revived on a higher 
level.) 


National Paint, Varnish and 
Oct. 21, 1959. 


Presented at the Naval Stores Breakfast, 
Lacquer Association, held in Atlantie City, 


Eleventh 


Coating Conference 


TAPPI 


Edgewater Beach Hotel 
Chicago, Tl. 
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ALLIS-CHALMERS > 


This maintenance man’s toolbox sums up the story of 


the simplest process in paper making: 


maintaining the products of Allis-Chalmers 


Even the standard products that Allis-Chalmers builds 
for the Pulp and Paper Industry are designed for the 
industry’s special needs . . . and designed so routine 
inspection and maintenance are simply, quickly done. 


And from no other manufacturer can you match the 
range of equipment available and benefit from Allis- 
Chalmers unit responsibility. Listed at right are some 
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of the Allis-Chalmers products built to serve you eco- 
nomically throughout the plant — from pulp to finished 
paper products. 

For service that matches the quality of the equip- 
ment, call the A-C representative near you. Or write 
Allis-Chalmers, Milwaukee 1, Wisconsin. 

“Teamed” Equipment from A-C ... Electrical Generation and Distribu- 
tion Equipment. Pumps, Motors, Motor-Generators, Motor Control, 


Screens, Compressors, Vacuum Pumps, Water Conditioning, Lime 
Kilns, and Material Handling Equipment. A-1285 


Up-to-Date Training in Paper Mills 


H. WAYNE SMITH 


Turis function we call ‘training’ seems to have 
been misinterpreted and abused so much it has become 
pretty much of a “bad” word in our industrial language. 
Possibly we may have been trying to tailor “training 
programs” to the pattern of our early experiences in 
“education.”” Certainly education’s place is high on the 
list of importance, but we seem to have been in a rut 
in our industrial training approaches somewhere along 
the line. : 

We believe a lot of money and time is wasted and, 
unfortunately, a lot of damage possibly is done to 
employee relations and overall attitudes by misguided 
training programs and by those with vague or intangible 
objectives. 

This presentation is not intended as something 
“brand new”’ or startling or even “‘scientific.”” It is in 
fact quite the opposite, as I intend to deal only with 
realities and do what I can to put industrial training in 
proper focus. 

My purpose, then, is to present for your consideration 
some facts and examples of (1) what we feel is a realistic 
approach in determining manpower development re- 
quirements and (2) what we do about it. So let’s start 
right out with some facts. 


FACTORS INHERENT TO ANY JOB OR POSITION 


First, we know attitudes and abilities of the people 
involved can make or break any operation. Thus, 
with competition today being what it is, we can agree 
any job in a pulp or paper mill is important or it should 
be eliminated. Furthermore, we know that any job 
contains right things that must be done and wrong 
things that must not be done. 

This being true, we find each job must have a primary 
function—a reason for its existence—and contain fun- 
damental tasks which must be performed in a certain 
manner to discharge this function. If we are to ke con- 
structive, then, we need the facts—such as job descrip- 
tions—to give us our tasks, hiring specifications, and 
such on all the jobs. 

But, “people are all alike in their tendency to be 
different,” and these ‘individual differences” in job 
performances tend to cloud the really basic job funda- 
mentals we are seeking—to go deeper into specific 
considerations on what makes one man’s job perfor- 
mance better or worse than another man’s in the same 
job. 

To analyze a job in this manner from a training stand- 
point, therefore, we catalog job tasks and responsibili- 
ties with respect to how each element relates to one of 
four factors we know are present in any job—in one 
degree or another. 

Briefly, here are the four factors we use: skill, knowl- 


H. Wayne Smita, Training Director, Pulp and Paper Mills, St. Regis Paper 
Co., Pensacola, Fla. 
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edge, reasoning, attitude. 
later, so just keep them in mind for now. 


DETERMINING MANPOWER REQUIREM ENTS 


Before we can apply any analysis like the above, we Wt 


We will come back to them | 


have to have facts—not guesswork—on job perform- | 


ance. The only way you can determine exactly what 
you need is to first determine exactly what you have. 


And the only place that information is available is right 
out in the mill, personally observing and talking to |} 
When |# 
we do this on shift jobs, all men performing each job || 


the men who actually are performing the jobs. 


are contacted (and shown the rough copy on how the 
others do it) and for ‘‘trade analyses,” all mechanics in 


each craft are contacted. That’s a pretty big order |} 


but it’s worth it, as here is what you gain: 


1. A factual and comprehensive job description. 

2. A personal acquaintanceship with all the men and a first- 
hand knowledge of what they do, what they feel causes them 
most of their problems in trying to do a good job, and what they 
feel they need to know to do it right. 


3. Factual knowledge of differences in shift and/or craft prac- } 
tices, and what needs to be done to develop realistic standards | 


of performance and workable uniformity. 


4, An awareness on the part of both hourly and supervisory | 


people when such differences actually exist and are causing many 
needless problems. 


5. General acceptance that your reasoning and planning are | 


based on fact rather than “fancy.” 


ANALYSIS OF FACTORS 
Let’s return now to our four factors, as we want to 


analyze how each of these factors applies to each par- i 
ticular job. So we first have to list the job tasks ina _ | 


practical sequence (learning or doing). Then we must 


try to figure out exactly what the man needs to know to_ | 


do it properly and how much or how long he has to 
“practice” to do it skillfully (develop habits). (As I 
run through this now, think of yourself and your own 
job, and see how it applies to you, also.) 

Here is a sample of about how this type of job analy- 
sis would go: 
Skill 

This can be defined as the control of productive 
motion and the elimination of nonproductive. With 
that in mind: What does the man in this position do? 
Whether he twists knobs and valves or operates ma- 
chines, handles tools, reads blueprints, or plans for and 
directs the efforts of others (supervision), he does some- 
thing which requires some degree of skill to do it right. 
Whether the skills required are physical or mental, he 
has to practice doing them until they become second 
nature (habit). What are they, and how long will he 
have to practice if he practices right? What will 
happen if he practices wrong? What should he practice 
first so he can be doing that while learning to do the rest? 
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... increased pulp output, lower production costs 


Ammonium Bisulfite Pulping is the 
key to increased profits for many 
mills. The. process is easily adopted 
with a surprisingly small capital 


investment. 
ABP offers a number of attractive 


advantages over the calcium-base 


BASIC TO 
AMERICA'S 
PROGRESS 
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process: Shorter cooking time; 20% 
increase in digester output; greater 
yields; better penetration permit- 
ting a wider choice of woods. 
Substantial savings are also pos- 
sible through elimination of “liming 
up” problems. What’s more, liquid 


NITROGEN DIVISION 
Dept. AA 15-28-1, 40 Rector Street ¢ New York 6, New York 


anhydrous ammonia is easily piped 
from tank cars... reducing unload- 
ing time and labor. 

Get in touch with Allied Chemical 
... pioneer of this efficient process. 
We will gladly work with you to help 
put this profitable system into opera- 
tion at your mill. 


For specifications and local offices, see our 
insert in Chemical Materials Catalog, pages 
475-482 and in Chemical W eek Buyers Guide, 
pages 37-44. 


Knowledge 

Exactly what does he need to know (about the mill, 
the machines, the men, the practices, policies, pro- 
cedures, etc.) in order to do whatever needs doing in the 
correct manner. Does he need to know other people 
and what they are doing, too? What should he learn 
first (single-task knowledge) so he can get started? 
Next? Following that? 


Reasoning 

There should be a good reason for doing every task 
a job calls for or the task shouldn’t be included. What 
is the reason for each task (or related grouping of tasks) 
in this job and how does it fit into the overall “job” 
reasoning? The intelligent application of adequate 


skill and knowledge is what we are after—‘‘the right || 
person doing the right thing in the right manner at the 
right time.” Both the “task” and the overall “job” | 
reasoning must be taught; assuming it will be picked 
up by “experience” costs too much and is too risky. | 
How do you want the man in this job to think con- 
structively about each task he does, his overall job, 
his security and satisfaction, you, the company? (This || 
must go with the way he learns the what, how, why, and | 
when of each task.) 


Attitude 


“Going through the motions” might get a man by, 
but it builds nothing lasting or stable. A man’s atti- 
tudes about a task or a job or you or a company are 

built by the manner in which 


IT’S 
ORR 


J 


The user-benefits this Orr felt is providing at The Mead 
Corporation’s board mill in Cincinnati are typical of Orr 


felts everywhere. 


Custom engineered to your exact specifications, these 
quality felts assure good finish and long life on the ma- 
chine, greatly reducing downtime and maintenance costs. 
That’s why so many papermakers specify Orr. 

For complete information, check with your Orr rep- 


resentative or write us direct. 


PIQUA, OHIO 
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‘mR FOR LONG SERVICE 


ORR FELT & BLANKET CO. 


these things relate to his own re- 
quirements of self-respect and 
. self-interest. He tends to fit or 
compare what he sees demon- 
strated by others around him 
into the personal attitudes he 
originally brought to the job. 
What will he see...and hear 
...and feel ....and need on this 
job to develop into the stable, 
mature, trustworthy employee 
you want? 


CLARIFYING OBJECTIVES 

Using job facts in the above 
manner, we can arrange each job 
to outline exactly when and what 
we have to do to accomplish these 
basic objectives: 

1. Develop whatever skill, 
knowledge, and/or reasoning a 
man (or a group) needs—to do a 
job productively—with a mini- 
mum of close supervision in the 
shortest possible period of time. 

2. Develop whatever  atti- 
tudes are necessary so he (or 
they) will do it productively— 
when your back is turned. 


APPLICATION—GENERAL 

Training programs must be 
tailored to reach a certain goal, 
which means (when considering 
the difference in individuals and 
circumstances) probably no two 
are identical. Most of ours, how- 
ever, are planned on this basic 
premise of attaining maximum 
productivity in the shortest pos- 
sible period of time. 

We figure the rather common 
practice, particularly so in operat- 
ing jobs, of letting the man on a 
job “break in” the new man to 
the job tasks—and then let him 
pick up the rest by ‘“experience”’ 
(exposure)—not only is wasteful 
in actual dollars spent, but the 
hew man picks up some of the 
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A SKILLED HAND IN CHEMISTRY...AT WORK FOR YOU 


SEEKING 
IMPROVED 
PAPERS ? 


NOPCO 
POINTS 
THE WAY 


Nopco points the way to quality prod- 
ucts in pulp and paper operations. 
Nopco offers a full line of paper chemicals, 
each specifically designed to yield better 
products ...every time... with depend- 
ability you can count on. 

Perhaps the skilled hand of Nopco can 
go to work for you. Back of every chemi- 
cal made by Nopco for the paper industry 
| stands Nopco Technical Service—an 
experienced staff ready to assist with 
laboratory data and recommendations 
based upon your specific requirements. 


DEFOAMERS FELT WASHING DETERGENTS 
WAX SIZES CALENDER STACK LUBRICANTS 
COATING ADDITIVES ANTIBLOCKING AGENTS 

PITCH DISPERSANTS DEWAXING AGENTS 

METALLIC SOAPS POLYETHYLENE EMULSIONS 


RAG COOKING SURFACTANTS DE-INKING AGENTS 


NOPCO CHEMICAL COMPANY 
60 Park Place, Newark, N. J. 


Plants: Harrison, N.J. *» Richmond, Calif. » Cedartown, Ga. « London, Canada 
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| older one’s habits (good, bad, |} 
indifferent) and attitudes, and | 
there is no way on earth to tell | 


Goulds reports on trends in pulp and paper 


PAPER BOOM. While other industries increased production 60% during 
the past twelve years, the paper industry increased its production by 80%. 
Two things combine to assure continued gains in production in the decade 
ahead: new people and new products. This year’s population growth is 
expected to expand the market for paper. And population is expected to 
grow at an ever-increasing rate, enabling us to reach the 200-million 
mark by 1967. Another promise for stepped-up sales during the 60’s lies 
in new technology. Paper is entering its scientific age. More and better 
research will create new products and new markets for old ones. Plastics 
and aluminum will capture some markets but not as fast as paper opens 
up others. It all adds up to a favorable balance between capacity and pro- 


duction—probably by next year. 


SOBER LOOK AT LIQUOR. Gnawing away at your pumps, liquor loses its 
appetite when you switch to glass. The Goulds-Pfaudler glassed pump 
gives the same corrosion resistance you get in a glassed-steel reactor. Its 
tough, permanently-fused-to-metal glass fights chlorine dioxide’s corrosive 
bite, resists the violent attacks of all concentrated bleaches. If your pump 
life is short—write us for details on this glassed centrifugal. Ask for 


Bulletin 725.2 


SLEDGE IN A SLURRY. An absent-minded worker left a sledge hammer 
in a suction pipe at a western mill. Pulled along later by the flow, the 
hammer hit the pump impeller with a bang. Damage? Naturally—but not 
what you’d expect. We replaced only the impeller and side plate. The 
shaft was undamaged. Parts right out of stock. No dismantling of suction 
or discharge piping. We don’t suggest tossing a sledge hammer into your 
pumpage—but if you do, it’s nice to have a Goulds in your system. 


OBSERVATIONS 


on pumps for the paper industry 
by A. W. Woodbury, Assistant Sales Manager, Goulds Pumps 


In 1959, 96 per cent of the centrifugal pumps 
Goulds has applied to the paper industry were 
post-1950 designs. Reason: For the past ten years 
our Product Development Program has been heavy 
on paper. 

We in the Sales Department have had to main- 
tain a pace commensurate with this program. This 
emphasis, plus a 112-year accumulation of know- 
how, adds up to an experience factor that can be of 
significant assistance in your pumping applications. 

Give us an opportunity to share in your pumping problems. Pumps are 
our only business—we know our field and chances are we can save you 
time and money. 

Goulds Pumps, Inc., Dept. TA-40, Seneca Falls, N. Y. 


GOULDS @ PUMPS 
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exactly what has or has not been 
covered. The other extreme to 


} 
| 
| 


this is the ‘planned’ program | 
that is vague in its objectives or | 
tries to teach too much: e.g., if 


you expect an operator to have a | 
chemist’s background you should | 


send him to college. 

We feel the first step in the 
application of any “planned” 
operator training, for instance, 
should be the same as for any 
other: get the facts on the jobs 
arranged in a manner that clearly 
indicates what the man in each 
has to do and needs to know to do 
it right. 

If your objective is to improve 
or change a man or @ group cur- 
rently on the job, a comparative 
analysis of what the man or group 
actually demonstrates on the job 
with respect to what is required 
should pin-point exactly what 
needs to be done (in each of your 
four areas of skill, knowledge, 
reasoning, attitude). A “formu- 
la”? on this would read: (SKRA 
needed) minus (SKRA demon- 
strated on the job) equals (your 
development objective). 

If your objective is ‘‘break-in”’ 
training of a new person, or of 
a currently employed group to 
a new process or machine, you 
can proceed as above except you 
actually are starting with zero 
(in your formula) for “what is 
demonstrated on the job,” and 
your objective is to build from 0 
to 100% in the shortest possible 
time consistent with the require- 
ments of al! four factors. 

We believe one more thing is 
important to reasoning and atti- 
tude: at least a general know- 
ledge of what is going on in the 
rest of the mill and thus how each 
job fits into the overall produc- 
tion picture as well as in its own 
immediate function. 


APPLICATION—SPECIFIC 


Here we get into what I think 
is the meat of this whole business 
—“‘who does all this stuff and how 
do you go about it?” 

In the first place, if you will 
forgive a personal reference, we 
feel we need only a very small 
training staff because we do very 
little actual teaching, ourselves, 
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Centri-Cleaners with Vacuum Rejects System* 


Note compactness of install 
_ Sorg Paper Company, Middlé 


Eliminate air 


problems and 
provide cleaner 
stock at same 
time wae 


From over 100 mills using 
Bauer Centri-Cleaners equip- 
ped with the vacuum rejects 
system come reports like these: 

Cleaner paper... improves 
formation on the wire, since air 
is kept from entering the clean- 
ers and stock going to headbox 
... compact, neat installation 
...» non-plugging ,.. requires 
little if any maintenance... 
less wear... less downtime... 
eliminates need for eductors 
and their high pressure water 
system ... reduces need for 
foam killers...improves quality. 

If you want the best value in 
cleaners, get the details on this 
Bauer “package.” 


*U.S. Patents 2,878,934; 2,377,524; 
and 2,809,567. In Canada, 429,584; 
565,199. 


THE 


BAUER BROS. 
co. 


1715 SHERIDAN AVE. 
SPRINGFIELD, OHIO 
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“So you've got some 
leaks ...look, new 
pipe costs money!” 


Troubles coming 
in waves ? 
Try Ace-Ite pipe 


Ace-Ite Plastic Pipe ...a tough, 
chemical-resistant ABS rubber- 
resin blend . . . is the surest way to 
stem the tide of corrosion. One of 
eight types of Ace pipe, it’s ideal 
for general use, handles most 
chemicals. It’s been around long 
enough so we know what it'll do. 
And you'll like the price. Ask for 
Bulletin CE-80. 


Design assist- 
ance and facili- 
ties for molding 
special fittings, 
pump parts, etc., 
of plastics or 
hard rubber. 
Also large hand- 
fabricating fa- 
cilities. 


a tar as, 


 AMERI 


DIVISION OF 
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‘Life in these excited states... 


| 

l Ace chemical- 

| resistant rubber- 
lined steel pipe 

| best for high- 

| pressure, big 

| sizes, or abra- 

| sives. Pipe, fit- 
tings and valves 

| 1% to 24”. 

| 


r 

| 

| Highly efficient 
WE pump. Ca- 

pacity to 360 

| gpm. Cast iron, 

| fully protected 

| by top quality, ; 
chemical resist 

| ant hard rubber & 

| lining. 


Variety and qual- 
ity to match any 
plastic piping. 
Riviclor PVC, 
Ace-Ite rubber- 
plastic, Parian 
poly, Ace Saran, 
Tempron high 
temperature 
nitrile, hard rub- 
ber-lined steel. 


chemical resistant equipment 
CAN HARD RUBBER COMPANY 


See ACE equipment inSS 
Chemical Engineering Catalog 
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in a “classroom”? sense. You I 5 
can’t rate a first-line supervisor | 
properly unless you consider his | 
performance is reflected primarily 
by what his crew demonstrates | 
on the job. If he is responsible, 
then, for the quality, quantity, 
cost, safety, ete. of his crew, it is 
his job—not ours—to see to it 
his crew knows what to do and 
does it productively! In other | 
words, a desirable habit is ac- | 
quired only through repetition 
of correct motion over a sufficient | 
period of time for it to become | 
habit—the foreman is the only 
one who can see to it this is done 
—so, to be effective, the foreman 
has to be the “instructor.” 

Our job is to see to it he has 
every bit of help we can give him 
in assisting him to discharge this 
responsibility. 

We can help him by serving as 
extra eyes, hands, and feet to do 
what he has neither the time, the 
impartial objectivity nor, in some 
cases, the specialized skills nec- 
essary to make these job analyses, 
performance surveys, and _ to 
gather other information such as 
mentioned above. 

We can help him by “teaching 
him how to teach.” The biggest 
part of most operating jobs is 
—and should be—taught and 
learned on the job. Most jobs 
of any responsibility, however, 
contain certain “things you should 
know” which are pretty hard, if 
not almost impossible, to teach 
on the job due to noise, time, 
distractions, etc. This portion 
is what we call “related instruc- 
tion” and really is easiest to do 
and accomplishes more when 
taught off the job. 

We can take some of this “‘re- 
lated” burden off the foreman’s 
hands by conducting selected 
parts of this instruction ourselves 
or by securing for him specialists 
from other departments such as 
engineering, technical, etc. An 
example of this would be for the 
instrument supervisor to explain 
to a certain crew how all their 
instruments work—what they 
will and will not do, how to use 
them, what to adjust and what to 
leave alone, and the like. This 
ensures that the crew gets the 
correct information from the 
right source, and it helps the 
supervisor keep his instruments 
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A TOUGH NEW CHLORINE INJECTOR 


Engineered for Chlorine 
Dependable Check Valves 
Fiberglass-Polyester Body 
Corrosion and Fire Resistant 
Here is a rugged new injector en- 
gineered specifically for safe, effi- 
cient chlorine injection into pulp 
stock. 

Body, nozzle, tail piece, and check 
valves are made from Hooker 
Hetron® polyester resins reinforced 
with fiberglass-... materials that 
are tough, free from corrosion and 
safely fire retardant. 

The long venturi is as smooth as 
glass, so you get maximum use of 
water energy to atomize the chlo- 
rine for rapid, uniform solution in 
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pulp slurries. 

Dependable double check valves 
protect against a water backup in- 
to the chlorine system. 

Hooker technical service engi- 
neers will be happy to help you de- 
sign and install a complete system. 
They can also advise you on the 
other important steps of Hooker 
pipeline mixing, redox control, and 
retention time control. 

Write for a descriptive bulletin 
on the new Hooker chlorine injector. 


HOOKER CHEMICAL CORPORATION 


2104 Forty-seventh Street, Niagara Falls, N. Y. 


Sales Offices: Buffalo Chicago Detroit Los Angeles New York 
Niagara Falls Philadelphia Tacoma Worcester, Mass. 
In Canada: Hooker Chemicals Limited, North Vancouver, B.C. 


ONE STEP TO BETTER PULP CHLORINATION 


uj 
pieced) Duyibwet Ons 
‘ 


wnrlhiol Hound anes 
pase Bayles 


Uae 


Designed for limited stuffing box 
diameter. Handles water, light 
hydrocarbons, refrigerants, mild 
acids and other liquids non- 
injurious to synthetic rubber at 
temperatures from —40°F, to 
+212°F., pressures fo 200 psi. 


TYPE 2 


Designed for limited stuffing box 
length. Handles same services, 
temperatures and pressures as 
Type 1. 


This is part of an actual memo 
sent by one plant manager to 
others of the same company in 
different sections of the country — 
and that company is now exclus- 
ively specifying these and other 
type “John Crane”’ Shaft Seals for 

all their liquid handling require- 1200 pal, tenperaiores ttom 


ments. —40°F. to +250°F. Services 
same as Type 1. 


TYPE 8-B 


Heavy duty, high pressures. Pack- 
aged construction for easy in- 


You too can save time, trouble 
and expense by doing likewise. 


You'll find a “John Crane’”’ Shaft 
Seal for every service... from hot 
or cold water to the most destruc- 
tive acids and corrosives . . . high 
temperatures, high pressures... in 
types and sizes to meet practically 
any mechanical or dimensional re- 
quirement. 

Send us details on your appli- 
cation. We’ll recommend the 
proper shaft seal. Request Bulle- 
tin S-204-3 for complete overall 
information. 

Crane Packing Co., 6488 Oakton 
St., Morton Grove, Illinois, 
(Chicago Suburb). 


In Canada: Crane Packing Company, Ltd., 
Hamilton, Ont. 


TYPE 9 


Famous asa problem. solver. 
Sealing members of chemically 
inert Du Pont Teflon. Engineered 
to service conditions to handle 
practically all destructive acids, 
corrosives and gases at tempera- 
tures from —120°F, to +500°F., 
pressures to 150 psi. Available 
in balanced construction for pres- 
sures to 750 psi. 


MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES THREAD COMPOUNDS 


CRANE PACKING COMPANY 
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operating better. That makes it | qt 
a good deal because it benefits |} - 
both parties involved in the meet- |} 


ing, so everybody is happy (in- |[ 
cluding the crew foreman). 
Meetings of this nature (related 


instruction) are hard to schedule i 


and present a real problem in both 
the schedule time and the pay. 

We try to hold such meetings 
to a bare minimum and give pref- 
erence in scheduling to the wishes 
of the group involved. 

To determine ‘‘who pays and 
how much,” I feel it should be 
on the basis of the objective and 
who receives the most benefit. 
It really isn’t quite that simple, 
as any improvement program 
benefits everyone involved, but 
this approach at least helps us 
get to the basic issue. 


EXAMPLES OF EXISTING 
PROGRAMS 


A brief discussion at this point 
on some programs and _ the 
reasoning behind their develop- 
ment and application might help 
bring this type of approach a bit 
more into focus. 

Maintenance—helper (appren- 
tice) training. Objective: to de- 
velop a Ist class paper mill 
mechanic in the shortest possible 
time. (The “time,” in this case, 
first being considered as the 
formal 4-year program considered 
standard by the building trades.) 

Here is what we did about this 
one: 

1. The mill was divided into 
six major ‘“‘work areas’: shop, 
new erections or modifications 
(construction), paper mill, pulp 
mill, power house (and recovery), 
woodyard, and woodroom. 

2. The job tasks were re- 
viewed, regrouping and rearrang- 
ing sequence as practicable, and 
the related instruction was con- 
fined to exactly what was needed 
and applicable to the work being 
performed (e.g., math and science 
are “reviewed,” as such, but de- 
tailed instruction on certain areas 
is reserved for such times as 
specific application is possible, 
wanted, and needed). 

3. “Formal” training time was 
cut to 36 months and three pro- 
gressive grades of ‘‘mechanic”’ 
initiated. (First-class mechanics 
are not hired “at the gate.’’) 

4. The training committee 
is composed of the assistant main- 
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_ What an 
| 


_IMPROVEMENT IN 
NIFORMITY 


2% KELGIN XL PLUS STARCH 


You, too, will achieve this kind of improved 
printability and achieve all these benefits by ap- 
plying Kelgin XL solution to your paperboard: 


1, More uniform color. 2. Although less color is 
used, increased color value is obtained. 3. Better 
definition of printing. 4. Degree of color pene- 
tration can be controlled precisely. 5. Smoother 
board, increased density. 


75 Termi 
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SAME RUN WITH STARCH ONLY 


OF PRINTING 


on paper and paper board 


ACHIEVED BY KELCO ALGINS 


These highly-magnified 
unretouched photographs 
clearly show 

remarkable benefits 
provided by use of 
KELGIN XL” 

in improving uniformity 
of printing. 


Start getting these advantages in your opera- 
tion. Call or write your nearest regional office 
for a technical representative. 


YOURS ON REQUEST: Technical Bulletin details 
latest data on Kelco surface sizing agents includ- 
ing specific solutions to problems of improving 
densometer, printability, uniformity, smooth- 
ness, reduction of machine down time. 


products of KELGO HU M PANY 


nal Avenue, Clark, N. J. ° 20 N. Wacker Drive, Chicago 6, Ill. * 530 W. Sixth Street, Los Angeles 14, Calif. Cable Address: KELCOALGIN — CLARKNEWJERSEY 


35 A 


tenance superintendent, two maintenance area super- 
visors, two maintenance foremen (the foremen rotate) 
and is chaired by the training director or his assistant. 
(By agreement, the Union does not participate physi- 
cally in these meetings but is always kept fully in- 
formed and is consulted on any nonroutine matters.) 

5. Classes in related instruction are held on com- 
pany property after hours of work on the trainee’s time. 
Attendance is voluntary, but all trainees must meet 
required standards and pass all tests prior to any ad- 
vancement in classification. 

About a year was gained in both time and produc- 
tivity by these changes, and graduates receive nation- 
ally recognized completion certificates because the pro- 
gram is registered and complies with both State and 
Federal requirements. 

The Union men helped set up the program and thus 
believe in it, so they police the trainees far better than 
could anyone else. The foremen also helped work out 
the program and thus realize the development of quali- 
fied and dependable mechanics is their responsibility— 
not that of the training department—so we do not get 
the “lip service” so prevalent in some locations. 

A performance report is made out on each trainee 
monthly by the training department and foremen 
involved, and discussion on these reports comprises the 
major portion of the training committee meetings. 
This report permits pin-pointing the exact degree in all 
significant areas to which each trainee demonstrates 
his progress. 

I have gone into a little detail on this program be- 
cause, first, I thought you might be interested in this 
particular one, and second, as a concrete example of 
how a crystal-clear objective can guide and control your 
approach to an industrial training problem. 

Here are some other representative examples which 
may be of interest: 

Maintenance-mechamics. “Clinics” on new equip- 
ment, materials, methods, standard practices, etc. 

Accountants. Familiarization on mill processes and 
practices, personnel, terminology. Thirteen sessions 
(one per week) of 3 hr. each. 

Engineers and Chemists—new graduates. Turned over 
to training department for 6 weeks. Familiarization 
with mill processes and practices, personnel, etc. 

Engineers and Chemists—previous paper mill ex- 
perience. Turned over to training department for 
from 1 to 6 weeks (dependent upon nature and extent 
of previous experience): familiarization with practices, 
equipment, and personnel of this mill. 

Instrument Men, Electricians, Lab Personnel (hourly). 
Mill process and practices, specific applications to indi- 
viduals and/or jobs involved. Thirteen sessions (one 
weekly). 

Operating Personnel (hourly). As above on process, 
when requested by department, and special ‘‘clinics” as 
for mechanics. 

New Secretary or Clerk. Complete indoctrination 
into company organization, personnel, policies, prac- 
tices, forms, duplicating devices and procedures, stores, 
supplies, etc. (16 hr). 


SUMMATION 


I have purposely omitted going into a number of 
areas where training is carried on, preferring rather to 
use these few examples to illustrate a certain philosophy 


36 A 


and approach to industrial training. It must be evi- 
dent we believe a training department cannot be as 
efficient as it should be without the complete confidence 
and respect of all the people it should serve. This, we 
believe, can only be earned by being objective, factual, 
and down to earth in approaches and methods. 

For industrial usage, to “‘train’”’ means to “change” or 
“orient”’—not necessarily to ‘“educate’’—and our pro- 
cess training for engineers, accountants, and such exem- 
plifies this. -So training is not reserved for incompe- 
tents, misfits, or the “uneducated.” For that matter 
you alone train your associates, and the people who 
look to you for guidance and direction, every day of 


your life; you train them you will accept substandard — 


performance or you train them you will not; you train | 
them what kind of a guy you are and what your inten- | 
tions are toward them by the way you look, talk, and | 
act as you go about doing whatever it is you do; you | 
train them by demonstrating daily what you know, how | 
you think, your attitude toward yourself, God, and your | 


fellow man. 


This is true of everyone in a management or consul- 


tive situation. Why, then, do so many of us adopt the 


attitude that “training” is a job for someone else—some- 


one who “goes in for’ that sort of thing? 


That is why we say no program of training can be | 


very effective—and certainly not lasting—on “lp 
service” from supervision, either line or staff. And very 
definitely cannot be effective on lip service from line 
supervision. A program of pure “education” or 
strictly personal improvement that is worth while, 
possibly yes, but not industrial training as we define it. 

So, in conclusion, we firmly believe if you have a clear 
picture of the results you are after, a definite plan and 
schedule of action, and confine your interests and activi- 
ties to exactly that which applies directly to job results 
in terms of “productivity versus time’—you will be 
up to date in your training. 


Presented at the Fourteenth Engineering Conference of the Technical 
fee of the Pulp and Paper Industry, held in Pittsburgh, Pa., Oct. 
15, 1959. 


Pulp Bleaching Conference 
of the 
Technical Association 


of the 
Pulp and Paper 


Industry 


Edgewater Beach Hotel 
Chicago, Il. 
June 14-16, 1960 
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GET SHARP, CLEAR, 
PRINTED IMPRESSIONS 7 2 
WITH WAXED PAPERS >>- 


CONTAINING 
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Titanium Dioxide 


e 
e 
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It provides greater opacity, whitens as it ‘ 
brightens. Ask your Cyanamid Pigments 
representative about UNITANE O-110 


30 Rockefeller Plaza, New York 20, N. Y 


AMERICAN CYANAMID COMPANY, Pigments Division 


Branch Offices and Warehouses in Principal Cities 
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for better coating formulas on coated papers and boxboards 


Two out of three of the nation’s leading producers of 
coated papers choose Calgon for their coating formulas 


The special properties of Calgon in many paper manu- 
facturing applications and Calgon Technical Service’s 
experienced assistance have led to Calgon’s tremendous 
acceptance. Calgon’s superior deflocculating properties 
make for higher quality and greater efficiency in aque- 
ous coating colors of all types. 


Calgon leads because it provides... 


Better pigment dispersion. Calgon has high efficiency 
as a dispersive of clay, titanium dioxide, precipitated 
calcium carbonate and other pigments. 


Better coating colors. With Calgon in the formula, flow 
properties are improved and higher solids concentra- 
tion can be used. 
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Better surface coating. Adding Calgon to the coating 
formula greatly improves the bond between the coating 
and the paper stock. 


Calgon can help in many other ways. If you have a 
specific problem, Calgon Technical Service will be glad 
to assist you in finding a solution. Let us know about 
your problem, or write for a copy of ‘‘Calgon and Its 
Applications in the Pulp and Paper Industry.”’ 


*Calgon is the registered trademark of Calgon, Inc. for its sodium phosphate 
glass (sodium hexametaphosphate) products. 


CA LG © PN COMPANY 


DIVISION OF HAGAN CHEMICALS & CONTROLS, INC. 
HAGAN BULEDING, Pitti SiBUIRGHSSOR RAS 


In Canada: Hagan Corporation (Canada) Limited, Toronto 
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THIS 


GIANT ROLL 
HAS 

e NO DOCTOR 

e NO WIPE 


e NO SHOWER 
NO SPRAY 


Eliminate Doctoring in Press Operations! 
Use MANHATTAN “SELF-SKINNER” Rolls 


No doctor, no wipe, no shower, no spray—Manhattan ‘‘Self- ‘ +e 
Skinner” Press Rolls operate at top machine speeds without eQualityarinish 
doctors! Only the special paper-repellent composition and cushion- 


like nip ofa Manhattan ‘‘Self-Skinner”’ Roll can assure these advan- @ More Water Removal, 
tages on your paper machines: Less Cost 

From web to dryer—wherever ‘‘work’”’ rolls are required for 

critical functions —Manhattan Rubber Covered Rolls are your e Increased Felt Life 
assurance of top machine performance at lower operating costs. 

Let a Manhattan roll specialist show you how to meet top e@ Fewer Breaks, 
production standards—get ‘‘More Use per Dollar’’ —with Less Down Time 


Manhattan Press and Suction Press Rolls, Rub-Roc, Sham-Roc, 
Self-Skinner and Coating Rolls, Sealed-End Couch Rolls and 
Marblex Table Rolls. 


ROLL COVERING PLANTS AT PASSAIC, N.J. «© NEENAH, WISC. « N. CHARLESTON, S.C. 


e More Production 


ENGINEERED 
RAYBESTOS-MANHATTAN, INC. RUBBER 
MANHATTAN RUBBER DIVISION, PASSAIC, NEW JERSEY . . « MORE USE 

PER DOLLAR 
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An American Industry First 


Rare Document Proves Papermaker First to Use Chlorine for 
Bleaching in the United States 


SIDNEY M. EDELSTEIN 


The rich historical background of the pulp and paper 
industry in the United States has been held important by 
relatively few papermakers. 

Although we have gone far in a comparatively few years, 
pride in our heritage can but only help us to realize to- 
day’s dreams for even greater technological achievements 
in the future. 

It is hoped that this important document will stimulate 
others to ferret out historical facts from long-forgotten, 
company-held documents and produce articles for the en- 


lightenment of all. 
William H. Chisholm, President, 


Oxford Paper Co. 


AMERICAN paper manufacturers have often been 
confronted with the problem of obtaining an adequate 
and suitable source of fibrous raw materials. A new 
chemical process has usually been the answer. Most of 
us think of the introduction of the “sulfite process” as 
the first example. Actually, it was the adoption of 


chlorine for bleaching rags which marked the real be-. 


ginning of the chemical approach to “‘paper’’ problems. 

While European papermakers had taken up the use 
of this new chemical bleach almost as soon as its potent 
action became known, it has generally been claimed 
that the Americans were at least 40 years late in making 
use of this discovery. 

In discussing the raw material problems of early 
American papermaking, Williams Haynes, the historian 
of the American chemical industry, had this to say: 

“Real relief from the raw materials impasse came about 
1830 when chlorine bleaching was introduced. This innova- 
tion proved to be analogous in its effects to the solution by 
this same chemical reagent of the gray goods’ problem in the 
textile industry. Chlorine bleaching enabled papermakers 
to rework paper stock and also to use soiled and colored 
rags. 

“Unfortunately the record of where and by whom chemical 
bleaching was first introduced into American paper mills has 
been lost. To borrow the already well known bleaching 
technique from the textile industry was an ingenious but not 
a revolutionary adaptation. It may well have been made 
independently in a number of different plants. Chemical 
processes were then heavily veiled in mystery and in accordance 
with ancient craft habits stillin vogue, the early use of chlorine 
was no doubt cherished as a valuable trade secret. We know 
definitely that chemical bleaching was employed here (the 
United States) about 1830 and that it soon became almost 
universal practice. By that time it became an essential 
element in pulping both wood and straw and its mechanical 
application had been much improved”’ (1). 

Fortunately, this writer has recently discovered 
manuscript records of Delaware’s first paper mill which 


Sipney M. Epeusrrin, Dexter Chemical Corp., New York, N. Y. 
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completely disprove the claims of American slowness in) 
adopting chlorine to paper manufacture. These rec- +) 
ords prove that as early as 1798, the use of chlorine for’ 
bleaching papermaker’s rags and paper was the subject | 
of an American patent and that chlorine was being ;¥~ 
manufactured and being used for bleaching rags at the} 
Gilpin Paper Mills in Delaware by the summer of 1804. 
Turthermore, these early dates would indicate that in | 
this country the paper industry was the first to adopt | 
the use of chlorine and not the textile industry as has | 
been suggested by Haynes and others. 

The discovered records consist of 179 sheets of old. 
paper of different manufacture, covered with writing in | 
different hands, and bound together. Various parts | 
of the writing, dates inscribed, and other internal evi- 
dence, indicate that these are records of the old Gilpin 
Mills first erected on the Brandywine in Delaware in | 
1787. Further studies have revealed that a portion | 
of the writings are in the hand of Joshua Gilpin, one | 
of the owners and founders of the Brandywine mill, 
and are actually technical letters on the use of chlorine 
for bleaching as practiced in England and Scotland at > 


The Gilpin manuscript records on bleaching 
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S, R. CHRISTENSEN 


Beloit Eastern’s “Mark” Markowski 


When you want the facts on rewinding, a good man to 
know is W. D. Markowski, Manager of Winder Sales for 
Beloit Eastern Corporation. Beloit’s leadership in the off- 
and-on machine winder field can be attributed to men like 
*“Mark’’ and to their determination to settle for nothing 
short of the best. These men are experts in the design and 
manufacture of all types of winders, with practical mill ap- 
plications their foremost consideration. They are happy 
to help you. Just drop a line to Beloit Eastern. 


Member Beloit Group 
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FINISHED PRODUCT 
PROCESSING EQUIPMENT 
Winders + Petit Winders + Super- 
calenders +« Roll Wrappers + Roll 
Lowering Tables + Rolland Shaft 
Handling Equipment «+ Slitters - Con- 
veyors + Unwind Stands and Tru- 
Tension Control + and other equipment 


for the paper and allied industries. 


BELOIT EASTERN CORPORATION 


DOWNINGTOWN, PENNSYLVANIA 
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Blank ‘pages from Gilpin records, showing watermarks, 
“T. Gilpin and Co.”’ and ‘*Brandywine”’ 


the end of the 18th century. They were written by 
Joshua to his brother, Thomas, in Delaware, during the 
former’s stay in England during the years 1795 to 1801. 
The records also contain detailed plans of the bleaching 
room at the Brandywine Paper Mill, details of the 
equipment in use for making chlorine in 1804, and 
records of operation. Of equal importance is the 
inclusion in a license agreement of the Gilpin Mills of 
the only known transcript of the patent of Cyrus 
Austin on the use of chlorine for bleaching rags and 
paper granted by the United States in 1798.* 

Joshua and Thomas Gilpin founded the first paper 
mill in the state of Delaware in 1787—the year of the 
American Constitution. The Gilpin brothers were 
the sons of a famous father, Thomas G. Gilpin, a friend 
of Franklin and an ardent Quaker. Thomas Gilpin, 
Sr. was not only successful in business but also inherited 
extensive properties in Maryland and Delaware. At 
the time of Joshua, Sr.’s death in 1778, the two sons 
were children. Joshua was 12 years old, and Thomas 
less than 2. 

The boys were given the best education that Philadel- 
phia could afford. Joshua studied law but never 
actually entered the profession Thomas, in particular, 
showed a remarkable interest and ability for mathe- 
matics and science. The exact story, however, as to 
how and why the two brothers, one aged 22 and the 
other aged 11 started a paper mill may never be 
known. We do know that they were assisted by 
their maternal uncle, Miers Fisher, in the early days 
of the venture. Perhaps the uncle actually ran the 
plant during the initial stages while the elder Joshua 
supervised the many family properties and the very 
young Thomas devoted himself to studying the tech- 
nical problems of a paper mill (2, 3). 

According to Dard Hunter, the earliest printed de- 
scription of the Gilpin Paper Mills appeared in the 
account of Jacques Pierre Brissot de Warville’s travels 
in the United States during the year, 1788. The 
statesman wrote of his trip to Wilmington and his visit 
to the Gilpin Mill in 1788 in the following words. 


. I set out from Philadelphia for Wilmington, distance 
twenty-eight miles, and road tolerably good. The town of 
Chester, fifteen miles from Philadelphia, is a place where 
strangers like to rest. It stands on a creek, which falls into 
the Delaware. It enjoys some commerce, and the taverns 
here are good. Wilmington is much more considerable; it 
stands likewise on a creek near the Delaware; the basis of its 


* Joshua’s writings are on 48 leaves and on one side of each leaf only. 
The first 36 leaves show no chain lines and bear w atermark: “I, Taylor 
1794." The following 16 leaves show chain lines and bear watermark: 
“T. I. Arking, 1796.” The plans of the bleaching room and the patent 
agreement are on paper made at the Gilpin Mills bearing watermarks: 

“YT. Gilpin Co.” and ‘“‘Brandywine.”’ 
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commerce is the exportation of flour. One mile above Wil- 
mington, you pass the town of Brandywine; the name of 
which will call to your mind a famous battle gained by the 
English over the Americans, eight miles from this town, on a 
river of the same name. This town is famous for its fine | 
mills; the most considerable of which is a paper-mill belong- | 
ing to Mr. Gilpin and Myers (Miers) Fisher, that worthy | 
orator and man of science . . . Their process in making paper, 
especially in grinding the rags, is much more simple than 
ours. I have seen specimens of their paper, both for writing | 
and printing, equal to the finest made in France”’ (4). 


By the year 1795, Joshua, the elder brother, was 30 | 
years old. The family business was successful and 
with his Mother in excellent health and with his brother _ 
actively operating the paper mill on the Brandywine, | 
he decided to visit Europe to satisfy a desire that he 
had had for many years. 

Joshua sailed for England in 1795, and did not return 
to America until 1801. In England he visited all the 
great manufacturers and studied mining operations 
and metallurgical enterprises. He visited the great 
works of Watt and Bolton at Soho (4). Of particular 
interest to us however is the fact that he visited most of 
the paper mills of England and Ireland and most of 
the bleaching establishments where the new chemical 
methods of bleaching with chlorine had only shortly been 
introduced from France. Not only did Joshua make 
notes of his visits to these paper mills in his journal, 
but he also wrote detailed letters and technical sur- 
veys about chlorine bleaching to his brother, Thomas. 
These letters and surveys are a part of our manuscript 
records and give a first-hand account of the very earliest 
operations. { 

“In the Division of Public Records, Commonwealth of Pennsylvania, 
Harrisburg, Pa., are deposited the journals kept by Joshua Gilpin during 
his visit to Europe. The records are dated from 1795 to 1801. These 


journals record the visits to various paper mills in England and Scotland 
which are discussed in detail in our manuscript records. 
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Leaf from Joshua’s report on chlorine bleaching 
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New Nalco Coagulant makes 
Larger, Heavier Floc ... Faster 


Radically different 
Nalcolyte 110 
used with 
Conventional Chemicals 
to Cut Costs, 
Speed Action 


in Water Clarification 


Nalcolyte 110 is a new, non-ionic high polymer 
flocculant of very high molecular weight— 
over 1,000,000. It is used in extremely small 
dosages with conventional coagulants (such as 
sodium aluminate, alum, ferric sulfate) to in- 
crease size, density and uniformity of floc. 


Less Chemical; Greater Capacity 


Action of Nalcolyte 110 in creating heavier, 
larger, faster-settling floc not only permits 
greater throughput rates without floc carryover 
to processing equipment, but also cuts the total 
chemical requirements ata resultant cost saving. 

In the example illustrated above, only 40% 
as much alum is required when Nalcolyte 110 
is used. 


May be Used in Potable Waters 


Approved by the U. S. Public Health Service 
Technical Advisory Committee for use in treat- 
ment of public water supplies, Nalcolyte 110 
gives water works the opportunity to get ap- 
preciably greater capacity ffom existing clari- 
fication equipment—at lower treating cost. 


High Suspended Solids No Problem 


Waters containing high suspended solids re- 
spond quickly to Nalcolyte 110 coagulating ac- 
tion . . . frequently without other coagulant 
chemicals. 


Tappi April 1960 Vol. 43, No. 4 


Photo taken in’Nalco Laboratories 7 seconds after agitation stopped: Left, Control sample 
of untreated turbid water; center, same water, treated with 50 ppm alum; right, same 
water, treated with 20 ppm alum, 1 ppm Nalcolyte 110. Note that large, dense floc is 
settling out much more rapidly than center alum-treated sample. 


Typical high suspended solids waters which 
can be treated with speed and economy with 
Nalcolyte 110 are paper mill white water 
systems, industrial waste waters, mineral slur- 
ries and blast furnace gas wash water slurries. 


Nalcolyte 110 Easy to Handle 


Nalcolyte 110 is a coarse, white, free-flowing 
powder of non-toxic character. It is fed in di- 
lute water solutions with standard liquid pro- 
portioning pumps or feeders. Stock solutions 
are prepared at concentrations up to 20%. 
Packaging is in convenient 25-ib. bags. 


Data Available Promptly 


Full information on Nalcolyte 110 for your 
coagulant use is ready to be sent upon your 
request. Write today, or call your Nalco Rep- 
resentative. 


National Aluminate Corporation is now 


NALCO CHEMICAL COMPANY 
6197 West 66th Place « Chicago 38, Illinois 


Subsidiaries in England, Italy, Mexico, Spain, Venezuela 
and West Germany 
In Canada—Alchem Limited, Burlington, Ontario 
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Waldorf-Hoerner 


spectacular expansion — 


FIRST STEP in the creation of Montana's first completely integrated ADDITION OF PAPER MILL, as it will appear when finished, is 
shown in drawing above. Building is 700 feet long and 70 feet wide. 


pulp and board facility is shown in this photo of Waldorf-Hoerner's 
chemical pulp plant, completed in 1958. 


...with advanced production techniques featuring 


unfolds 


DORR-OLIVER EQUIPMENT 


Rapid expansion, development of many innova- 
tions in production and the use of proven Dorr- 
Oliver systems and equipment are features of the 
spectacular operation of the Waldorf-Hoerner 
Paper Products Co., at Missoula, Montana. 

The chemical pulp mill, producing unbleached 
kraft pulp, now includes an Oliver Brownstock 
Washing System with three 111% ft. dia. x 20 ft. 
face single drum washers. 

The Dorr Recausticizing System, of uncon- 
ventional and simplified design, has both 'pri- 
mary and secondary slaking, a single compart- 
ment Green Liquor Clarifier, unit-type White 
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Liquor Clarifier, two-stage Lime Mud Washer 
and Dorr-Oliver Hot Lime Crusher. A new Lime 
Mud Washer is being added which, with minor 
rearrangement of existing equipment, will pro- 
vide up to 700 TPD of liquor making capacity. 

The Waldorf-Hoerner expansion program will 
utilize a complete Dorr-Oliver bleach plant and 
water treatment facilities to provide an inte- 
grated pulp and board operation. 

For more information on the full range of 
Dorr-Oliver equipment and services for the pulp 
and paper industry, write to Dorr-Oliver Incor- 
porated, Stamford, Connecticut. 
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OLIVER BROWNSTOCK WASHING SYSTEM com- 
prises three 11% ft. dia. x 20 ft. face drum 
washers, each operating single stage but capable 
of two-stage operation. 


PART OF THE DORR RECAUSTICIZING SYS- 
TEM is seen in this photo, looking across the 
slaker to the lime kiln. System is highly instru- 
mented and incorporates advances in design 
which simplify operation and improve recovery. 


OF? F-OLIY EF 


WORLD-WIDE RESEARCH ¢° ENGINEERING ® EQUIPMENT 
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For Starch Conversion... 


The a-amylase for the paper industry...available as AMYLIQ Super 
and AMYLIQ Concentrated bulk powders-and as AMYLIQ tablets, 
readily soluble preweighed units costing no more than powder. 


For broke recovery: SERIZYME® liquid proteolytic enzyme 


= > ‘ 
Bie %: WALLERSTEIN COMPANY Division of Baxter Laboratories, Inc. 
Naxey, Wallerstein Square, Mariners Harbor, Staten Island 3,N. Y. 
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.. lor papers 
that want 
to be READ! 


ee exists that tinted papers with carefully color- 
correlated inks to reduce light reflectance ratios may increase 
reading speed and comprehension as well as reduce fatigue. 


Inherent in these disclosures is a tremendous profit potential for 
papermakers. New values can be sold in colored papers for 
text and technical books, newsprint, annual reports, promotional 
pieces, periodicals of all kinds — in short any paper designed 
primarily to be read! 


Your National Aniline representative is prepared to discuss the 
economics and other aspects of these new uses of color. We will 
also be glad to send reprints of an article on the subject by 


color expert Faber Birren. Ask for The Age of Reason for Color. 


To demonstrate how readability 
can be improved through use of 
tinted stock, this advertisement 
is reproduced by. letterpress on 
Impact Coral, Appleton Coated 
Sub. 80, Dull Finish, with corre- 
lated ink, Impact Maroon. 


Four-color process is beautifully 
reproduced simply by substitut- 
ing Impact Maroon to print the 
“black” plate. Red, yellow and 
blue are conventional process 
inks. Note how your eye sees 
“whites” in this picture. 


NATIONAL ANILINE DIVISION Hi d 
40 RECTOR STREET, NEW YORK 6,N.Y. le 
Atlanta Boston Charlotte — Chicago Greensboro _—_Los Angeles 

Philadelphia Portland, Ore. Providence = San Francisco 
In Canada: ALLIED CHEMICAL CANADA, LTD., 100 North Queen St., Toronto 18 
Distributors throughout the world. For information: 
ALLIED CHEMICAL INTERNATIONAL * 40 Rector St., New York 6,N. Y. 


hemical 


the, 


During the past few years, the cancer cure 
rate has increased from one in four saved 
to one in three saved: 40,000 more lives 
saved each year. During the next few 
— years, there will no doubt be new meth- 
ods of diagnosis, and even cures for some 
cancers that are considered incurable today. In time, the 
ultimate goal, cancer prevention, will be achieved. But 
time alone will not do the job. @ Time plus research will. 
Research costs money. In the past 14 years, the Amer- 
ican Cancer Society has spent about $76,500,000 on 
cancer research. Much more is needed 
to accomplish the final conquest of 
this dread disease. Give generously. 
Send your contribution to “Can- 
cer,’ incareof your local postoffice. 


AMERICAN CANCER SOCIETY 


the 
answer 


1s 
money 


guard your 
family...fight 
cancer with 

a checkup 

and a check : 
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Digester control panel at Bowaters Carolina Corp., 
Catawba, S. C., containing 5 Foxboro Digester 
Control Systems, together with liquor-fill and 


chip-fill systems. Instruments shown are Foxboro 
cam pressure controllers, digester top-and-bottom 
temperature recorders, and relief flow controllers, 


BOWATERS CAROLINA CORP. REPORTS: 


“Uniform pulp — cook after cook 
with Foxboro Automatic Digester Control” 


Completely automatic from fill to blow — that’s the 
operation of the five, 4,300 cubic-foot kraft digesters at 
Bowaters Carolina’s new mill at Catawba, S. C. 

Each of Bowaters Carolina’s five digesters has its own 
Foxboro packaged control system. To start a cooking 
cycle, the operator simply turns a single knob — then 
Foxboro takes over. Results: perfectly controlled digester 


circulation with virtually no liquor pull-over; uniform 


OX BOR 


REG. U.S. PAT. OFF. 
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permanganate; practically no rejects — all resulting in 
high yield and excellent uniformity. 

Your digester control story can be the same, too. Get 
full details on this revolutionary kraft digester control 
system from your nearby Foxboro Field Engineer. Or 
write direct for engineering data sheet 260-50 which has 
full information. The Foxboro Company, 784 Neponset 


Avenue, Foxboro, Massachusetts. 


AUTOMATIC DIGESTER CONTROL 
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Title page of Kerr’s translation of Berthollet’s work on 
chlorine bleaching, Edinburgh, 1790 


Until the discovery of the bleaching action of chlorine, 
rags were bleached or decolorized by boiling in alkali 
and exposing them to the sun over a long period of time. 
Many colors in the rags could not even be removed 
by this method. The advent of chlorine bleaching 
not only furnished a method for speeding up the process 
of obtaining satisfactory material for use in making 
paper, but many types of rags could now be decolorized 
which heretofore had been useless in the manufacture 
of paper. Joshua’s visit to England took place at 
just about the time when the process was widely being 
put into practical use.f His own words written be- 
tween 1795 and 1801 give us the thrilling story of this 
beginning. Joshua wrote to his brother: 


t Scheele first prepared chlorine in 1774 by the action of manganese di- 
oxide on hydrochloric acid. Scheele thought that the gas was the acid 
deprived of ‘‘phlogiston,’”’ and called it ‘“‘dephlogisticated muriatic acid.” 
It was believed to be a compound until 1810 when Davy proved its ele- 
mentary nature. Scheele early noted chlorine’s decolorizing action, but 
Berthollet first proposed its use as a commercial bleaching agent in 1785. 
According to Clows, the process was introduced into Scotland by two 
routes. The first was through James Watt who learned the process directly 
from Berthollet in 1786 or 1787 and put it to work at his father-in-law’s 
(MacGregor) bleachery by 1788. The second route was through Patrick 
Copland of Aberdeen, who learned the process from Professor DeSaussure 
of Geneva in 1787. Copland communicated the process to Messrs. Gordon 
Barron and Co. of Aberdeen who had the process in operation commercially 
by July, 1787. 


§ By 1795 the “‘phlogiston” theory had been discarded by most chemists. 
Instead of things giving up ‘“‘phlogiston,’’ in combustion reactions, it was 
now felt that oxygen was taken up instead. The dephlogisticated muriatic 
acid had now become oxygenated muriatic acid. It was not to become 
chlorine until 1810. 4 
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“The new mode of bleaching consists in adopting in lieu 
of the former processes the application of the oxygenated 
muriatic acid§ either in the acid or simply in the state of gas 
or vapeur. 

“We are indebted to Scheele the Swedish chymist for the 
discovery both of the oxygenated muriatic acid itself and of 
its properties in changing all substances into a perfectly white 
color. Scheele however went little further than establishing 
the fact and shewing its application to the bleaching manu- 
facture... his improvements were confined I believe wholly 
to the operation of the gas itself. 


“Berthollet, The French Chymist entered most actively 
into experiments on the subject and we are indebted to him 
principally for the introduction of the art into its present ex- 
tensive operation... his experiments were first published in 
papers addressed to the Academy at Paris in the Annalls de 
Chimie ... they were afterwards comprised in a smal] volume 
which has been translated by Mr. Kerr... Berthollet find- 
ing the inconveniences of applying the acid in the state of gas 
or vapeur, substituted the condensing and mixing it with 
water as to form a highly acidulated liquor. 

“Since the process has been known in England it has been 
adopted in various ways and received numerous improvements 
both here and in France. Several patents have been taken 
out most of which I shall explain; in general however it may 
be remarked that all are but variations or different applica- 
tions of the same principle. And that as yet it appears far 
from having arrived at the perfection which there is every 
reason to believe it will attain. 

“One of the latest short works on the subject is that en- 
titled, “The Art of Bleaching by Pajot des Charmes’’ trans- 
lated by W. Nicholson... this is an elementary work tak- 
ing up the processes of M. Berthollet and explaining the best 
methods of surmounting the difficulties he had experienced 
and of carrying this principle into compleat effect. It seems 
in fact to be a summary of what has been done in France on 
the subject; it is to be regretted one has not some work com- 
prising the processes of the English Manufactories especially 
those of Manchester Glasgow and where as well as in Ireland 
the new bleaching process has been adopted to considerable 
extent. In effect: the English artists however in general 
content themselves with establishing processes suited to their 
own operations and tho the principles and practice of this art 
are now neither secret nor new tis alone by actual inspection, 
that we are left to collect everything beyond merely the 
publication of the patents or some works more of scientific 
than of practical men... this is the more to be regretted as 
in the infancy of a process which promises to be of such 
general use, the communication of facts attending its im- 
provements would tend to perfect it more speedily than any 
other method. 

“The leading application of the bleaching process was ob- 


Plate from Berthollet’s French work on chlorine bleach- 
ing. Shows apparatus for making chlorine solutions and 


bleaching apparatus. Paris, 1786 
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“Reliance V*S Drive | 


. provides 60-second ‘“At speeds of 6,000 FPM, one of the keys to precise tension 
_ 2 control of newsprint is electrical regenerative braking on 
acceleration and the unwind stand. A Reliance D-c. motor powering the 


unwind roll acts as a drag generator, maintaining critical 


precise tension control —_ tension. 
of Cameron win d er “For normal stopping, positive controlled deceleration is 


provided by regenerative braking in less than 60 seconds. | 
Emergency stopping is a combination of dynamic and | 
mechanical braking to provide fastest possible stopping. | 
A VSR Regulator system controls the unwind tension, 
continuously compensating for WR” and taper tension. 
Another VSR Regulator holds over-all winder speed | 
constant. 


/ Now in use at Southland Paper Mills, Inc., Lufkin, Texas, 
the Cameron Winder has a capacity for a 248’ mill roll, 
74” in diameter, and weighing 3300 pounds. Reliance 
Drive equipment requires only minor maintenance, with 
practically no downtime caused by drive failure... anda 
uniform, high quality paper product is the result. 


Reliance Sales Engineers are ready to apply their applica- 
tion. skills to your drive problems. Call your nearest 
Reliance office or write for further information. L-1664 


Product of the combined resources of Reliance Electric and 


Engineering Company and its Master and Reeves Divisions 


RELIANCE tneweerieco* 
DEPT. 183A, CLEVELAND 17, OHIO 


Canadian Division: Toronto, Ontario 
4 Sales Offices and Distributors in Principal Cities 
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Title page of English edition of Pajot des Charmes’ work 
on bleaching. London, 1799 


viously first to whitening cotton, linen and other cloths... 
that of rags however for paper struck almost the first dis- 
coverers: the only difference between the sepertive articles 
is that cloths of every kind will bear the expence of a far 
superior process; while the application to rags must be very 
cheap in order to be useful...in what I now mention I 
shall very much confine myself to the process particularly 
applicable to the paper manufacture. 

“All the processes mentioned by the French chemists and 
indeed most of those known in England have combined the ap- 
plication of the muriatic acid!...with the use of lees or 
alkalies generally resembling (?) in many respects from the 
processes formerly in use... Berthollet’s method in general 
consisted in many alternate immersions in lees and in the 
bleaching liquor; it must be obvious however that the labor 
which these repeated operations demand cannot be intro- 
duced into the paper manufacture at least in the bleaching 
of the rags, as no saving will bear it: it can alone be useful 
by a cheap application of the principle with little labor and 
cost of the materials used. 

“The general principle on which the whole process rests 
seems to be no more than giving a quick and superior affect 
to the action of that part of the common air of the atmos- 
phere which is called oxygen... neither of the two acids or 
salts employed with the sulfuric, or the muriatic possess this 


|| Gilpin must have meant oxygenated muriatic acid. 
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quality either singly or combined together, or with any sub- 
stances which do not afford a large portion of oxygen or vital 
air nor has the manganese any other effect than being a 
cheap substance which yields a very large quantity of such 
alr. 

“The process indeed may be termed little more than 


quickening that operation which nature is constantly carry- | 


ing on in the open air where goods of every kind, in particular 
such substances as are now described are deprived of their 
color by simple exposure and more or less time in India, 
many parts of-France and other countries. No method is 
used but simple exposure to the sun, dews, grasses: we know 
the affect of long time on almost every substance particularly 
how the best ink becomes discharge from paper, especially 
if not carefully kept from exposure to the atmosphere. 

“There seems to be a strong disposition in Sulphur to com- 
bine with and quicken the operation of the atmosphere. 
Most substances particularly woolen goods are made white by 
being exposed to its fumes in a close room—an acidulated 
liquor formed of it is used to bleach linen. If paper which 
has been written on for almost any length of time be im- 
mersed in a solution of oil of vitriol in water, the ink will be- 
come nearly discharged. 

“The oxygenated muriatic acid is produced by simply 
mixing common salt, called chemically muriate of soda. Oil 
of vitriol called sulphuric acid and manganese... (an earth 
consisting chiefly of a decomposed iron ore,/ and found often 
and in large quantities) together in proper proportions in 
vessels calculated simply to distill them ...the union of these 
several substances especially if assisted by a moderate heat, 
begins immediately to produce a strong vapeur or gas called 
the oxygenated muriatic acid gas, and if this be conducted 
into vessels filled with water, it combines with the water to 
produce the oxygenated muriatic acid. 

“There are several objects necessary to be known and at- 
tended to in the outset of these processes. First, that it is 
exceedingly prejudicial to the health of those who use it 
without proper precautions which however are affectual. 
Secondly, that in carrying it on both the utensils and place 
in which it is done must be formed without metals par- 
ticularly iron to which the gas and liquor have a strong attrac- 
tion and will soon destroy ...lead however resists its action 
and may be usefully employed in al] its processes... the 
precautions with respect to health will be mentioned in their 
proper place...and with respect to the action of the acid 
on metals it is only to shew the propriety of fixing on a place 
such as an outhouse or building in some degree detached from 
another in order to carry on the process, it need however not 
be at any material distance. (At Brandywine I should think 
at the end of the screening house or at the end of the water- 
wheel . . .) 

“T have not by me Scheele’s experiments. They may how- 
ever be attended to advantage as his experiments allude to 


‘the simple application of the gas itself which as it is infinitely 


less laborious than forming it into a liquor and appears far 
more proper for the paper business than the more tedious and 
expensive one of the liquor. 

“Scheele met with many difficulties, the chief of which were 
to submit the cloths and substances to an uniform action of 
the gas which being necessarily confined in close vessels, the 
cloths were but partially acted upon; this difficulty may be 
not only removed with respect to rags but is not at least of 
the same moment as in piece goods whose preservation and 
being perfectly whitened throughout were objects of the 
first consideration. 

“From the difficulties occurring to Scheele, Berthollet’s 
attention was principally devoted to conducting the process 
by the liquor... he distilled the above articles in a glass re- 


§| By manganese, Gilpin meant pyrolusite or manganese dioxide. Gilpin 
should have known that this mineral was not ‘‘decomposed iron ore,’’ for 
by 1774 Gahn had isolated the metal, manganese, and shown that pyrolusite 
was a ‘‘calx’’ (oxide) of this different metal. 
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tort laid in a proper furnace and conducting the gas into a 
tub filled with water, impregnated the water and thus formed 
a liquor in which he afterwards immersed the substance to be 
bleached ... these immersions were often repeated and made 
also alternately in Lees, or solutions of alkalies . . . they were 
altogether tedious and expensive and not successful to a 
degree proper to be adopted in bleaching of rags... His 
work however is to be read as offering at once all the 
principles giving compleat personal knowledge of the whole 
process. 

“M. Des Charmes, taking up the difficulties which Ber- 
thollet met with first enumerates the various methods he has 
taken to obviate them, and then proceeds to an ample de- 
scription of the whole improved process such as it has been 
carried into affect in France... His process is extended not 
only to bleaching rags and paper itself, but to a variety of 
other substances and also to an application of the oxygenated 
muriatic acid to dyeing and to a variety of other useful 
objects... His book in fact forms a compendium of what 
has been done on the subject in France... Not only from 
his immediate process a good mode of bleaching paper may 
be formed, but through a variety of hints scattered thru his 
work which may form the basis of carrying the art far beyond 
its present perfection. 

“The only publication which I have yet met with in Eng- 
land on the subject are translations from the French, and the 
specification of patents mentioned in the Repository... 
there may however exist elementary works with which I am 
not acquainted but I suspect as yet nothing has been pub- 
lished which is not comprised in the works I have mentioned, 
and that I apprehend the bleaching of rags in a cheap simple 
manner yet remains an important object for future experi- 
ment, 

“The several improvements or methods for which patents 
have been obtained, all of them which have come to my 
knowledge are no more than variations of the methods laid 
down by the French chemists and most of them so little vary 
from them as scarcely to possess any originality ...1 shall 
however describe them. 

“After thus describing what has been published on the 
subject I shall mention what I have seen carried into effect in 
Europe. 

“The first opportunity I had of observing the bleaching 
process was at the mills of W. Simpson near Polton Bank in 
the Vale of Poplin near Edenburg.** This gentleman in a 
handsome manner communicated to me all his process. I 
found him applying the gas immediately to the rags. His 
furnace was of simple brick in one of the outer rooms of his 
mill; I believe he ran the rags thro the washing engine before 
he submitted them to the gas. He also boiled them in lees 
and this he proposed as highly useful not only in the bleach- 
ing but to destroy the hard remains of flax in the coarse linens 
which were the chief objects of his attempts... I think his 
retorts were of lead, and the gas condensed into troughs of 
deal (pine) of about 11 feet long 4 wide and 3 deep in which 
the rags were inclosed ... I do not think he had adopted any 
mode for preventing the effects of the gas on the workmen, 
but opening the doors and letting the gas go off when the 
boxes were opened before the rags were taken out. I may 
not however be correct in remembering this circumstance. W. 
Simpson carried on the bleaching process to a great extent 
and it was also adopted by other papermakers in the same 
vale... If I am not misinformed W. S. has since failed and 
his failure in some degree attributed to the bleaching process, 
of this however I am not so surely informed. 

“At Glasgow I saw no application of the bleaching process 
to rags, but I found the cotton and muslin manufacturers mak- 
ing and using the bleaching liquor . . . they appeared to follow 
Berthollet’s method, indeed Mr. Wate (Watt?) at Glasgow 
was one of the first persons who adopted and introduced the 


** Joshua’s journals in the Division of Public Records at Harrisburg con- 
tain details of visit to Simpson’s mill with date, Oct. 14, 1795. 
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art into England. I found the Messrs. Robinson, Father and 
son, large muslin manufacturers making the bleaching liquor 
in retorts laid in a high cupell furnace of iron...On con- 
versing with Mr. R. I thought he did not very highly ap- 
prove of the mode perhaps from attachment to the old 
method which he also pursued ...he seemed to think it too 
expensive for rags, and recommended bleaching them by 
spreading on the grass and using lime, alkalies, leas. 

“At § ——— in Yorkshire, I saw a mill of (Simpson?) 
Brothers, the younger of whom had been brought up in 
Kent and had founded the mill here upon the newest and 
best construction, it had been built but a year or two when I 
saw it in Nov. 1795 and the bleaching process had not then 
been introduced into it. I saw it again in Novem. 1799, 
when they had introduced it in the best and simpliest manner 
I have seen in England but as I mean to describe this method 
fully I shall not enlarge upon it here. 

“In the spring of 1796 I visited the Kent mills and found 
the bleaching process had been taken up on a very extensive 
scale by many of them especially the TaylorsT{...I par- 
ticularly visited Mr. Smith’s mill which had been built es- 
pecially to carry on this process: I found him using the 
liquor which he made in a room adjoining the Engine... His 
furnace was a simple square brick one about 6 feet long 4 
high and 2 wide. On the top a rim of iron enclosed the sand 
in which the retorts stood... The retorts were of stoneware 
made at Lambeth of the size of about 1 gallon... The tubes 
were of cane or reed and luted I think with clay: there were I 
think 8 of these fixed in the sand and all conducted into a 
(lead?) receiver. The liquor was run into a cistern below the 
engine house and pumped up into the troughs in which it 
was applied to the rags... The rags are first washed in the 
engine and then let into the troughs and the liquor put upon 
them. 

“T did not see the process at Mr. Taylors so well as to 
describe it. In his mill however and indeed in all the other 
Kent mills which I saw, the liquor was acid and I derived 
much information which will appear in the course of my 
observations. 

“After thus mentioning the history of this process and the 
observations I have made, I shall now proceed to a descrip- 
tion of it in all its parts. 

“First as to the materials... The article of salt is too com- 
mon and too well known to need much being said about it... 
The strong dark salt is most recommended, it must be 
prepared by drying it very well pounding and sifting it 
fine as an intimate mixture of it with the manganese is of 
much consequence. 

“Secondly. The manganese is a black metallic earth 
composed chiefly of iron and oxygen when broken if of the 
best sort it sparkles in fine brilliant needles. ti Its general 
resemblance is very similar to lumps of fine pure smiths 
cinder or a black calx of iron... It may not be difficult to. 
find it in America, until it is however it may be imported 
from London, Dublin, Bristol; indeed it is now a considerable 
article of commerce though not long since a neglected earth. 
The coast of Ireland abounds with it. The London price is 
(?) if not pure it will only require a greater quantity... It 
is acid in its original state as I know of no change it under- 
goes other than beating and sifting it very fine... that sort 
however should be chosen which is clean of all other stones as 
far as possible. 

“It is to be observed that as the manganese is used solely 
to supply the oxygen any substance containing oxygen un- 
combined with other injurious to the process may be used. 
Nitre itself can yield an immense quantity of the oxygen, but 
where manganese is to be had nothing is more cheap. 

“It would be worthwhile in carrying on the (?) process 


tt Joshua’s journals record visit to Taylors, March 8-12, 1796: al 
visit to other mills in Kent during this period. ; rae 


tt See note § on page 52 A. 
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high-speed supercalenders 


Rugged, dependable, compact . . . Beloit supercalenders are outstanding 
performers in the calendering of all grades of paper. Their practical 

design meets the most exacting demands for supercalendering in all widths 
and at speeds up to 2500 fpm. Features that contribute to Beloit 
performance are: resilient air-cushioned loading, quick roll change, 
renewable ways, fully adjustable gibs, complete unwind and rewind 
tension control, center or surface wind, special sheet threading 


arrangements, and positive high-speed lifts. 


Why not discuss your supercalendering with a Beloit Sales Engineer? 
You will find his suggestions helpful. Beloit Iron Works, Beloit, Wisconsin. 


your partner in papermaking 
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Thomas Gilpin (courtesy 
Hagley Museum) 


Joshua Gilpin (courtesy 
Hagley Museum) 


to have a small water works connected with the mill to grind 
the salt and manganese and to mix them. 

“Thirdly, the sulphuric acid or oil of vitriol as the carrage 
of this article is not only expensive but subject to continual 
hazard, it would be a highly beneficial manufacture of itself 
in America§§...Until it is made there however it must 
be imported and may be ordered from London, Liverpool, 
Bristol or Dublin. It costs about 61/2 sh. per lb. It would 
be an object to make it and I think might well be combined 
with the bleaching process as it requires a room of lead, the 
floor of which is covered about 1 or 11/2 inch with water and 
sulphur mixed with saltpeter is placed in the room in a leaden 
pan and set on fire then it is left to burn and the vapeurs of 
the sulphur are attracted by and impregnates the water. . . 

“The reasons for thus making the sulphuric acid are that 
I think the same room might advantageously be used for 
exposing the rags to the gas...It strikes me also that 
perhaps the very process itself of making oil vitriol might be 
used to bleach. This however is an object of future research. 

“Oil of vitriol of the proper degree of strength will bear 
double its quantity of water i.e. 6 of oil vitriol and 12 of 
water... The strength of the oil of vitriol may be known 
first by weighing it as one gallon will weigh (?) lbs... . 2dly 
by the areometer... this however is not always to be had 
... the common oil of vitriol may be depended on until our 
own experience teaches how to ascertain its qualities better. . . 

“Tt is almost needless to say that the common muriatic 
acid and manganese will answer every purpose of oil and 
vitriol and salt... because first it is still more difficult to 
procure them than oil vitriol and secondly, it is very offensive 
to the health. 

“The manganese and salt being separately pounded and 
sifted are to be mixed very intimately together so that 
they appear entirely as one substance ... The sulphuric acid 
is not to be applied till the materials are in the retort and the 
whole ready as the process commences instantly on its ap- 
plication. 

“The best proportions which have been adopted on experi- 
ence are 6 parts sulphuric acid...12 parts water 8 parts 
salt and of good manganese 3 parts... If of inferior quality 
more is necessary... 


OF THE UTENSILS 


“As it is of the utmost consequence to make the establish- 
ment useful by being cheap I should try it in the simpliest 
manner... both Berthollet and M. Des Charmes shew the 
furnaces that may be used .. . acommoniron or even earthern 


§§ Actually, American sulfuric acid was first manufactured commercially 
in 1793 in Philadelphia by John Harrison (7). 
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pot (even if broken of little consequence for a sand bath) 
may be placed in a few bricks so as to have fire under it, in 
fact any place in which a retort or vessel can stand in sand or 
water which can be heated will do in a small work...Ina 
large one a furnace should be built in the middle of a room 
just so as to contain a hollow on its top for the insertion of the 
retort or retorts. 

‘In the large manufacturers at Manchoster they use 
cast iron retorts lined with lead the retorts being fixed in 
brick work,... These retorts are very similar to the iron 
pots used in the vats for making paper, such pots standing on 
their bottoms .... on the top of these retorts are fixed leaden 
heads formed in one piece with leaden pipes or conductors as 
it is of consequence to prevent having any joints if possible.” 


In the autumn of 1801 Joshua returned to the 
United States. On his return he found that his brother, 
Thomas, had grown to manhood and their business 
interests were flourishing. Particularly, the paper mill 
on the Brandywine had been enlarged and business 
was good (2). 

Obviously, the brother’s early interest in adapting 
chlorine to the bleaching of rags must have been one 
of the principal objects of their collaboration for the 
next several years. Also during this period an English 
papermaking expert, Lawrence Greatrake, had been 
engaged and was probably given an interest in the 
mill.'! The manuscript records indicate that Greatrake 
took an important part in the “Bleaching Experi- 
ments.” 

By April 19, 1804, Greatrake and the Gilpins had 
decided to use the chlorine bleaching process of an 
American, Cyrus Austin, for in our records from the 
Gilpin Mills there is this agreement for a license to 
use this process: 


“Agreement William Stidolph with 
Laurence Greatrake for Right to bleach Rags, Pulp ete. 
at the Brandywine Paper mil] under his patent. . . 


“Whereas by virtue of a certain agreement made and 
signed the 19th day of April 1804—between Laurence Great- 
rake of Christianna hundred county of New Castle and 
William Stidolph of the said County the said William Stidolph 
did agree in consequence of certain conditions to be performed 
on the part of the said Laurence Greatrake and also for the 
sum of five hundred dollars to be paid to him in hand as a 


Hil Joshua’s journals at Harrisburg say that on March 22, 1796, he went 
on to Two Waters and sent for Lawrence Greatrake who lives at Apsley 
eae: ead that on March 25 he visited Greatrake’s mill which was old and 
patched. 


GILPIN’S PAPER MILLS. BRANDYWINE 


Gilpin Paper Mills. 


Early 19th century (courtesy Hagley 
Museum) 
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Discerning business people insist 
on cards with the whiteness, 
brightness and opacity of 

Glidden Zopaque® Titanium Dioxide 
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the whitest white pigment available. 


The outstanding dispersion characteristics of 


Zopaque assure smoother paper surfaces. Its superior 
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is available in various grades specially developed 


for coatings and beater addition. 


Write for full facts on the many advantages 
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manufacture of paper products. 


FINEST PIGMENTS FOR INDUSTRY 
The Glidden Company 
Chemicals—Pigments-— Metals Division 
Baltimore 26, Maryland 


(This advertisement is printed on paper stock containing Glidden ZOPAQUE Titanium Dioxide. ) 


Superior pick resistance evident as 120-line copper engraving remains cl 


ean after 20,000 impressions. 


NOW...with NEW DOW LATEX 630 


e Superior Pick Resistance e Excellent Mechanical Stability 
e Exceptional Starch Compatibility 


Here is the newest development in latex for paper 
coatings, new Dow Latex 630... raising quality to 
a new high and giving you new manufacturing advan- 
tages and new selling features! New Dow Latex 630 
gives you better control of paper uniformity .. . helps 


you stabilize paper surface quality... brings printing 
closer than ever to really true-to-life reproduction. 

It will pay you to get detailed information now from 
The Dow Chemical Company, Midland, Michigan, 
Coatings Sales Department 1933FC4. 


THE DOW CHEMICAL COMPANY - MIDLAND, MICHIGAN 
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PULP WASHING 


High recovery of dissolved salts with low 
dilution, even handling peak pulp tonnages, 
with Eimco continuous pulp washers. Two- 
stage washers for NSSC mills are designed 
for highest removal of cooking liquor, with 
low equipment costs and space requirements. 


FIBER RECOVERY 


Eimco vacuum disc savealls provide a dependable, 
low cost method for recovering fiber from paper 
machine water. Disc savealls require no chemical 
additives . . . offer greatest filter area per foot of floor 
space . . .provide excellent effluent clarities despite 
fluctuations in feed volume and fiber content. 


RECAUSTICIZATION 


Excellent clarity effluents and high Na,O and CaO 
recoveries are made with equipment engineered by 
Eimco — unit and tray thickeners and clarifiers, lime 
slakers, causticizers, dregs washers, lime mud washers, 
vacuum filters. A new system, utilizing the Eimco- 
Belt filter, reduces equipment costs, saves space. 


TREATMENT EQUIPMENT 


Modern clarification, sedimentation and flota- 
tion equipment supplied by Eimco’s Process 
Engineers Division has reduced treatment costs 
in water purification . . . mill wastes disposal 
., . ash system wastes applications .. . barker 
water clarification. 


FILTER DIVISION 


634 SOUTH 4TH WEST 
SALT LAKE CITY, UTAH — U.S.A, 


THE EIMCO CORPORATION 


RESEARCH AND DEVELOPMENT CENTER 
301 SO, HICKS ROAD, PALATINE, ILLINOIS 
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“Elevation” of equipment for chlorine bleaching installed 
at Gilpin mills in 1804. Probably drawn by Thomas 
Gilpin 


consideration therefore, to teach the said Laurence Greatrake 
the art of bleaching Rags, Pulp or Paper agreeably to the 
privileges of a patent under the Seal of the United States 
dated the 14 of December 1798 granting to Cyrus Austin the 
exclusive right in said art agreeable thereto for fourteen years 
from that date an assignment whereof was made for the 
middle of Southern States to the said William Stidolph by 
the said Cyrus Austin the 13th February 1801— 

“Now be it known that I the said William Stidolph for 
and in consideration of the said sum of five hundred dollars 
now paid me by the said Laurence Greatrake do hereby grant 
and assign unto him the compleat free use and priviledge of 
the rights liberties and advantages of the said Patent for 
bleaching Rags and Paper for the use of the Brandywine 
Paper Mill of Copartnership of Thomas Gilpin, Esq. and 
also to the said Laurence Greatrake at whatever place he 
may conduct the business of papermaking in America and 
which Said Art is expressed in the Patent in the words: 
to wit J 7 

“Whereas the method practised in England of applying 
the oxiginated muriatic acid for the purification of Rags and 
other substances used in the manufacture of Paper appeared 
to me capable of very great improvement in the composition 
and process. I set myself to a course of study and experi- 
ment and with great labor diligence and expense have dis- 
covered and perfected a method of applying the oxiginated 
muriatic acid to the manufacture of paper cheaper more 
expeditious and effectual than has been heretofore practised 
and known... and this method of Bleaching heretofore only 
applied to the unwrought material for paper is not only by 


1] The following is the only known draft of the U. S. patent of Cyrus 
Austin for bleaching rags and paper, granted in 1798. An inquiry to the 
Patent Office resulted in “. . .Be advised this office has no printed copies of 
patent issued to Cyrus Austin, Dee. 14, 1798, also no records are available 
from which we could reproduce. In all probability all records were lost in 
the fire.” That the patent was actually granted is proved by the fact that 
in a “List of Patents that have been taken out of the office of the Secretary 
of State from July 1790, specifying the subject of the patents with their dates, 
and the names of the Patentees,”’ printed in Vol. I of ‘The Emporium of 
Arts and Sciences,’’ Philadelphia, 1812, there appears under 1798 the fol- 
lowing | entry: ‘‘Cyrus Austin, Dec. 14, improvement in manufacturing 
paper. 
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my improvement rendered more expeditious cheap and 
perfect but may be applied with equal success to the bleaching} 
perfecting and purifying paper itself containing in it any of the 
coloring or imperfection of the material wherewith paper is 
made... now know Ye that I Cyrus Austin of the County) 
of Burlington State of New Jersey Paper Maker in order to 
obtain a patent right for the said valuable discovery and} 
improvement in the art of bleaching the materials for paper 
and paper itself, do hereby make known and describe my| 
before mentioned improvement in the following specifica- 
tion, that is to say—Take Rags colored or not of Cotton, 
Linnen, Henip, or any other material used in making paper, 
wash and beat them until they are reduced to pulp, then take 
the material and press the water out until the quantity 
remaining is reduced to about the weight of the rags, then 
spread the material thinly on one or more frames or layers 
and place the frames at a small distance apart in your receiver 
bleaching machine or vessel which may be made of any 
shape or size and of any substance capable of retaining the 
rarified air and which is devoid of oil or metal and not subject 
to be affected by the Oxigene or acid... Having then closed 
the receiver make one or more holes in it for the purpose of 
receiving the end or mouth of your retort or retorts... T hen 
to bleach 20 or 25 pounds of material take of Manganese 10 
ounces Marine salt 16 ounces and mix them well previously 
to your putting them into your retort, when these are well 
mixed and put into the retort add to the mixture 30 ounces 
sulphuric or vitriolic acid and when your retort which for 
this quantity should not be less than of two gallons, is charged, 
insert the mouth or end in the receiver and close it... The 
number of retorts depends on the size of the receiver and the 
quantity of materials to be bleached. They should be kept 
in warm water or otherwise sufficiently warmed... the 
bleaching will then commence;. . .after the retorts have been 
thus applied about 4 hours take them out and into each retort 
put a pint of warm water with about 2 oz. of nitre disolvea 
in it, shake this solution together with the ingredients re- 
maining in the retorts which being again applied to the 


OPORIEL? 


. 24f! we ‘ xs . 


- 


“Plan”? of room for chlorine bleaching at Gilpin mills in 
1804 
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Tired of being restricted to line art on corrugated? So was 
Hercules Box Company —and despite the skeptics, Hercules 
did something about it. 

Today, thanks to a special plastic die developed by Hercules 
it is possible to print halftone photographs on corrugated ! 

Creative thinking such as this dominates all that is planned 
or purchased at Hercules . . . and is clearly reflected in their 
choice of Cities Service Pacemaker Wax. 

Cities Service won the wax role at Hercules because in its 
own way it is as far ahead of competition as Hercules itself. 

Locally warehoused, and delivered in palletized packages 
from 54 pounds to one ton, Cities Service Pacemaker Wax 
enables lower wax inventory, frees valuable storage space. 

Moreover, the quality of Pacemaker Wax cannot be sur- 
passed. Made in the world’s most modern wax refinery and 
subjected to the most exhaustive testing in the industry, 
Pacemaker gives maximum resistance to blocking and mois- 
ture transmission, has excellent tensile strength, hardness, 
gloss, and gloss retention. 

If you’re looking for that rare combination of superb 
quality and swift service, talk with a Cities Service Wax 
Representative. Call the nearest office or write: Cities Service 
Oil Company, Sixty Wall Tower, New York 5, New York. 
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Typical Example of the re- 
sults Hercules achieves 
with its halftone printing 
process is this corrugated 
box for dishware. Hercules 
also pioneered use of fast 
drying water based inks. 


A More Efficient Waxing 
Operation is achieved with 
Cities Service Pacemaker. 
The wax prevents block- 
ing, gives hard gloss and 
maximum resistance to 
moisture transmission. Lo- 
cally warehoused, it en- 
ables quick delivery and 
less storage for customers. 
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“Elevation” of west end of the bleaching room at Gilpin 
mills in 1804 


receiver for about 3 or 4 hours your material will be sufficiently 
bleached; then take it out and having dipped and washed it in 
water to take out the acid it will be fit for use. ..The fore- 
going proportions being observed, the effect will be the same 
upon any given quantity of material provided the ingredients 
are good and the apparatus in perfect order, if there should be 
any defect in the ingredients or apparatus the operation 
must be repeated until the bleaching is perfect... always 
observing that dyed materials will require a larger proportion 
of the Composition than rags or material not artificially 
colored ... The following is my method of bleaching paper. . . 
the Paper to be bleached having gone thro the several opera- 
tions used in making paper, press it until the water remaining 
in it is about the weight of the paper, then spread the paper 
about half a quire thick over the pulp or over layers or frames 
in the receivers and apply the retorts as before in bleaching 
Rags; when bleached proceed to finish it in the usual man- 
ner. *** 

“Provided however that the said Laurence Greatrake 
nor any of his partners of the said firm of Thomas Gilpin and 
Company shall instruct any person in the said art of Bleaching 
for any purpose or benefit than is heretofore granted or for 
the said Mill... under the penalty of five thousand dollars; 
the said obligation to continue during the term of the privilege 
-of the said patent... 

“Witness my hand this 28th day of January one thousand 
eight hundred and six. 


WILLIAM STIDOLPH”’ 


By the summer of 1804 a bleaching room and equip- 
ment for the process had been installed at the Gilpin 
Mill for our records include three pages of pen and ink 
drawings entitled, “Drafts of Bleaching Room and 
Apparatus at Brandywine Paper Mill Erected Summer, 
1804.” 

The drawings indicate that a room 28 by 23 ft. was 
erected for the bleaching operation. The east side 
of the room contained the actual bleaching apparatus 
itself. There were two bleaching units 12 ft. long. 
Each unit consisted of three receivers 4 ft. long, 2.9 ft. 
wide, and 2.6 ft. high. Each receiver was fitted with 
three trays for holding rags or pulp, and each receiver 


*** Tt is difficult to see “‘invention’’ in Austin’s patent in view of the 
techniques noted by Joshua Gilpin in England at about the same time. 
Perhaps the bleaching of the “pulp” and the addition of nitre to the retorts 
may have been the “Improvements in the Art.’’ In 1798, the rules for 
obtaining a U. 8. patent were not strict and any idea could simply be regis- 
‘tered, and a patent would be granted by the Secretary of State. Austin’s 
patent was the 218th American patent. It was the third American patent 
having to do with paper and the first concerned with bleaching and the first 
involving the manufacture or use of chlorine (8). 
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was fed chlorine gas by one retort. The retorts were 
placed in a sand bath. Hot flues ran under the 12-ft. 


lengths of the sand baths and were apparently fired | 


from outside the building. The west side of the room 
contained a large press for squeezing the rags and pulp. 
Equipment for washing the treated rags and pulp was 
also present in this part of the room. In full operation 
during one day with all receivers and retorts in action, 
about 200 lb. of rags or pulp could be bleached. This 
probably required the supervision of only one man. 
The actual costs for bleaching 100 lb. of colored rags in 
this bleaching room are given on one of the pages of 
our records, as follows: 


“T,, Greatrakes Estimate for bleaching 
July . 21 . 1804 


Cost of bleaching 100 lbs of colored Rags ascertained 
from the trial, during one week... 


3 charges Manganese 2 lbs @ 5 cents... 10 
3 charges Muriatic or 
Salt... 3 lbs @ 6/- p Bush W... 55) 
3 charges Oil Vitriol 41/,.....25 cents), --. 1.12 
Labor at 6 D. p Week (ee GAS eer ua tis 
Waste 5 pds on D 4 the 
value of 100 lbs of 
Rags... . 20 
2.62 


“Pulp from colored Rags, very low fifths and Sails. I value at 
11 cents p. lb... .Pulp from, good fifths and low fourths @ 15. 
I have no doubt the Pulp from these may be worked 1/; D into 
the finest papers...this however remains to be proved... 
at any rate a thoughtful Steady person will be necysary to do 
it compleat. . . 


“The labor would be no more charge for 200 lbs than for 100 lbs. . .” 


Obviously this week’s run and experience indicated 
the good possibilities of the chlorine bleaching process. 
Certainly the process of Cyrus Austin was used for at 
least 2 years by the Gilpins for the dates of the License 
Agreement indicate this. 


The Gilpin Mills continued to prosper. Thomas’ 
technical ingenuity, curiosity, and desire for improve- 
ments remained unabated. By December, 1816, after 
long experiments, he had invented a papermaking 
machine. By 1817 this machine was in operation at 
the mill at Brandywine. This was another ‘‘first,” 
for the Gilpins..the first mechanical manufacture 
of paper in a continuous sheet in the United States 
(9). 

The prosperity of the paper mill did not endure for- 
ever. In February, 1822, a great flood on the Brandy- 
wine carried its dam away, injured machinery, and 
damaged several buildings. In April, 1825, a fire 
destroyed a group of the buildings and much machinery. 


The Gilpin continuous papermaking machine, 1817 
(courtesy Hagley Museum) 
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NEW! 
RESIN 301 


substantially increases 


without increasing cost 


Because it is more efficient, Catalin Resin 301 . . . a modified, 
cationic urea-formaldehyde resin . . . can substantially upgrade 
wet strength with the same percentage of resin solids previously 
used .. . or cut resin costs by maintaining present wet strength 
properties with less resin solids. You gain in other ways too... 
Catalin Resin 301 is lighter in color... and reacts exceptionally 
well in the presence of dyes. Dry tensile, mullen and folding 
endurance is also improved. 

Usable in a wide variety of bleached and unbleached pulps, 
Catalin Resin 301 develops about 50% of its final wet strength as 
it leaves the machine , . . full cure is reached within 2-3 weeks. 
Since wet strength is developed slowly, broke can be easily 
reclaimed, 

Samples, specification sheets, laboratory data and technical 
assistance are yours for the asking, Catalin welcomes your 
inquiry. 
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THWING-ALBERT 
PRECISION SAMPLE CUTTERS 


ideal for tissues, paper, paperboard, foils, 
plastics, light metals, etc. 


The use of Thwing-Albert Precision Sample Cutters 
eliminates the major cause of inaccurate tests. 


Strips are cut with clean, sharp edges of the exact 
width, parallel throughout the entire length, free 
from nicks and uncut or pulled fibers. 


Prepares sample strips quickly and accurately. 


Eliminates need to true one edge and align against 
guide. 


Hold down prevents material buckling away from, or 
being drawn unevenly into knives. 


THWING-ALBERT INSTRUMENT COMPANY 


5383 Pulaski Avenue Philadelphia 44, U.S.A. 
129 


Finally, in 1888 another flood damaged the property 
and equipment even more seriously than before. At 
this time the Gilpin brothers decided to discontinue 
paper manufacture. The property was sold and was 
refitted for the manufacture of cotton goods (10). 

Fortunately, Weeks, in his “History of Papermaking 
in the United States,” has furnished us with an account 
of the mill by a contemporaneous writer, when it was 
in its prime. 


“Citizens and strangers often resorted to this estate for a 
pleasant walk and to enjoy its beauteous scenery, as well as 
to see the novelty and skill of mechanism, visit the wonder- 
working machine that could turn out an endless sheet of 
paper. Papermaking is too well known to need a description. 
Yet, as things here were on the most approved plan, and order 
and neatness presided, we will venture to sketch one apart- 
ment in the old mill... a large salle on the lower floor, where 
more than thirty women were seated on high stool at a long 
table placed before the windows, each one having a knife to 
pick the motes from every sheet; and they were dressed 
becoming their occupation, with a clean apron as smooth as 
if an iron had just been rubbed over it. Not a cobweb 
marred these white walls, nor was dust allowed to soil the 
floors. 

“Just above this, a large and modern stone building was 
occupied in the same way. Many departments of the 
business were carried on in each of these houses. The stone 
house below was used for assorting and cutting rags and 
another stone structure for extracting colors. In_ this, 
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Present day view of the site of the Gilpin Paper Mills 


immense kettles were fixed in furnaces built of stone that 
seemed immovable. 

“Flat boats often conveyed paper on the water from 
one mill to another; but it was generally taken in wagons to 
the Wilmington wharves. Large quantities of bank note 
paper were made here. We have seen whole pieces of new 
silk handkerchiefs cut to mix with the rags, to designate its 
manufacture” (17). 


Joshua Gilpin died at the age of 74 and left behind a 
big family. Thomas died in Philadelphia in his 77th 
year. 

A visit to the spot on the Brandywine where the 
Gilpin Paper Mill stood reveals no marker. In fact, 
the spot is now occupied by one of the buildings of a 
great textile bleachery. A short distance up the river, 
however, a beautiful museum, devoted to the early 
industries on the Brandywine, gives a prominent place 
to the work of the two brothers. Our discovery of their 
introduction of chlorine to the papermaking industry 
of the United States adds additional luster to the 
Gilpin name. 
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helpful in the preparation of this article. The author expresses his deepest 
thanks for their cooperation. 


Vol. 43, No. 4 April 1960 Tappi 


CELGAR KRAFT HAS THE BALANCE 


The outstanding feature of Celgar Kraft pulp will be its balance of properties. 


Because of the species blend in the Southern Interior of British Columbia, the Interior pulp 
resembles Northern Kraft pulps in many ways. It combines the outstanding tearing resistance of 
the West Coast fibres with the high bursting strength of Northern krafts over a wide range of 
freeness and in a variety of stock preparation equipment. 


With this blend of qualities, Celgar Kraft will be a premium pulp in almost any field of use. 


Scheduled to go on stream early in 1961, the 500-ton Celgar mill is located on the Columbia 
River at Castlegar, just north of the Washington border. 


V4427-1 


COLUMBIA PULP SALES LIMITED has been formed 
to distribute Celgar Kraft pulps and Columbia Cellulose 
sulphite pulps. Offices are located at: 


1030 West Georgia St., Vancouver 5, B.C. 
1600 Dorchester St. West, Montreal 25, P.O: 


fe Celgar Kraft 
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qd SERVICE... 


1 
H 


to meet your changing needs 


Mistakes are costly. That’s why you'll want to rely on 
Hubinger products and field service. For over 
three-quarters of a century, we’ve been developing, testing, 
and manufacturing starches and adhesives—always 
looking for new and better products. And, these products 
are serviced by trained field personnel, men who can help 
you solve the most complicated starch and adhesive 
problems. If your mill needs new starch products to meet 
special specifications, let our nearby Hubinger paper-starch 
technical service representative help you. You can 
depend on him—and Hubinger products—to meet your 
changing needs and do so economically. 

Just phone or write us. 


THE HUBINGER COMPANY / Keokuk, lowa 


New York*Chicago*Los Angeles « Boston « Charlotte « Philadelphia 
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Color photograph by: MARATHON, a Division of American Can Company, Menasha, Wisc.| 


2HOPLEX... for fidelity in printing 


Quality letterpress printing such as you see here is made 
possible by a combination of high quality paper and 
good printing technique. The paper owes its exceptional 
printing qualities to the coating which uses RHOPLEX 
all-acrylic emulsion as the binder. Whether it is bread- 
wrap, folding boxboard, or printing paper in general, the 
brilliance, detail and color fidelity of reproduction 
pleases both the printer and customer. Halftones print 
sharply by offset or letterpress without picking, varnish 
holdout is good, and the coating is free from objec- 
tionable odor. 


Papermakers like the way RHOPLEX binders perform in 
on- or off-machine coatings applied by trailing-blade, 
air-knife, or roller-coaters. Coatings as high as 65 
percent solids have good handling viscosity, help main- 
tain maximum dryer capacity with high-solids coatings. 


Calendering produces unusual gloss and smoothness 
because RHOPLEX binders, unlike natural binders, 
are thermoplastic. 


For full information on RHOPLEX B-15 and RHOPLEX 
B-60A write for our 16-page booklet ‘‘SRHOPLEX Acrylic 
Emulsions in Paper Coatings.’ 


Chemicals for I ndustry 


4a ROHM € HAAS 


COMPANY 


THE RESINOUS PRODUCTS DIVISION 
Washington Square, Philadelphia 5, Pa. 


RHOPLEX is a trademark, Reg. U.S. Pat. Off. and nm 
principal foreign countries. 


; : ; ; : See 
One in a series of interviews with the men who are ''Virginia 


“If you want your pulp to hold those extra 
brightness points, neutralizing with SO, will prevent 
any reversion—may even add a point or two.” 


James G. Todd, a technical represent- 
ative for Virginia Smelting Company, 
answers questions on the service SO, 
offers in obtaining and holding maxi- 
mum brightness of bleached chemical 
and semi-chemical pulps. 


Q Are extra brightness points im- 
portant to pulp makers? 


A Yes, the tendency seems to be in that 
direction. Paper pulp mills that were 
satisfied with 75 to 80 GE brightness 
points a few years ago are today trying 
hard to maintain an 85 plus brightness. 


Q Can neutralizing with SO, help 
accomplish this? 


A Yes. The fact that SO, is so easy to 
use and control makes it possible to 
adjust the pH to the desired level. The 
SO, converts the residual chlorine to 
chloride ions and at the same time 
neutralizes the caustic or alkaline buf- 
fers present. Free chlorine exhausted 
either by heat on a pulp dryer or in 
storage can cause reversion of the bleach. 
Neutralization of the alkali present al- 
lows more effective removal of cations 
during washing and gives a high purity 
pulp of low ash content. 


Q But does it actually improve 
brightness? If so, how? 


A Yes, you can actually pick up a point 
or so by using SO,. The pulp usually 
has impurities of various kinds, such as 
ferric iron. Ferric iron will stain the fiber 
brown and is difficult to remove. SO, 
reduces the iron to the soluble ferrous 
state, in which it can readily be separated 
from the pulp by washing. In some 
cases lowering the iron content of the 
pulp raises the brightness by two points. 


Q How can “Virginia’’ help pulp 
manufacturers with brightness prob- 
lems? 


A As you know, “Virginia” specializes 
in technical service. While we don’t sug- 
gest we are experts in pulp making, we 
do have broad experience in the applica- 
tion of the chemicals used in pulp bleach- 
ing, especially the chemicals we supply 
—liquid sulfur dioxide, zinc and sodium 
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James G. Todd, a “Virginia” technical representative 


hydrosulfite. Any pulp maker who is 
having difficulty in maintaining bright- 
ness can contact us and one of our 
technical representatives will go into his 
plant and give what assistance he can. 


Q What specific help do you give? 


A Well, we may recommend a change 
in the engineering of the installation if 
it is indicated—or a change in the way 
the SO, is used. Each plant usually has 
a problem that only on-the-spot analysis 
can lick. Sometimes the operation is 
satisfactory, and the problem is one of 
economy merely, that is, chemicals are 
being used excessively. A careful study 
may result in significant savings by 
cutting down on the amount. When the 
mill is large and the operation exten- 
sive, the savings can be very substantial. 


Q Is “Virginia’’ technical service 
used frequently by the industry? 


A Yes, it is in steady demand. The 
name “Virginia” is a familiar one to 
most pulp makers. One of the reasons is 
that “‘Virginia’”” chemicals are so widely 


preferred. The big majority of pulp 
manufacturers are using “Virginia” SO, 
as an antichlor or as a neutralizing agent 
because they can rely on its purity—and 
because of dependable service. As for 
our technical representatives—like my- 
self, they are almost constantly in the 
field, helping manufacturers with var- 
ious problems. A letter, wire or phone 
call to the “Virginia” offices asking for 
help ona problem involving SO,, sodium 
or zinc hydro will bring a ‘“‘Virginia” 
technical representative on the double. 


Industrial Division 


VIRGINIA SMELTING COMPANY 
Dept. 374, West Norfolk, Va. 


TAIRGINIA 


Field Offices: New York e Boston ¢ Chicago e Atlanta 
Asheville * Philadelphia « Akron e Seattle e Memphis 


Available in Canada and many other countries 


Vol. 43, No. 4 April 1960 Tappi 


How Inconel alloy crossed out 
stress corrosion cracking 


This continuous digester is currently 
producing 25% more southern pine 
pulp than its rated capacity. What’s 
more, it’s a premium product that com- 
pares with the best bleached sulfate. 


After going on stream two years ago, 
the unit ran into a serious corrosion 
problem . .. chloride ion stress corro- 
sion cracking in the black liquor pre- 
heater tubes. The tubes failed within 6 
months of startup (see photo on left). 

After careful study of all factors, 
Gulf States’** engineers selected 
Inconel* nickel-chromjum alloy for the 
replacement tubes. Its high nickel con- 
tent provides freedom from chloride 
ion stress corrosion cracking. Inconel 
alloy resists stress cracking, intergranu- 


lar corrosion and other selective forms 
of attack even when subject to applied 
stress, welding, alternate wetting and 
drying, and vapor phase exposure. 


Excellent results 


Inconel alloy has shown outstanding 
resistance against pitting by the hot 
(335° to 345°F), pressurized (165 psi) 
alkaline sulfur cooking liquor passing 
through these tubes and by the sulfamic 
acid used to clean them. There is every 
evidence, too, that the tendency toward 
chloride ion stress corrosion cracking 
of the tubes has been eliminated by 
substituting Inconel alloy for original 
material. 


In a recent test at another plant, 


... Helped boost production 
of continuous digester 


Inconel alloy had a corrosion rate of 
only 0.0009 ipy in digester liquor at 
344°F, 


It is unusual for an alloy to have high 
corrosion and heat resistance and at the 
same time be easy to fabricate and 
weld. But this is true of Inconel alloy. 


If you would like to know more about 
this useful material, write for our 
Technical Bulletin, T-7, “Engineering 
Properties of Inconel”. Its 24 pages are 
packed with authoritative data. 


*Inco trademark 
**Gulf States Paper Corporation, Demopolis, Alabama 


HUNTINGTON ALLOY PRODUCTS DIVISION 


The International Nickel Company, Inc. 
67 Wall Street New York 5, N. Y. 


INCON EL 
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Jones refiners 


HOICE OF 


DOUBLE-D 
REFINERS 


JORDANS 


BERKSHIRE 
REFINERS 


ays member ) 


os 
- B E LO IT s 
Canadian Associates: 


Da S 
The Alexander Fleck Ltd. SE, . \ PULP MILL EQUIPMENT AND 
75 Spencer St., Ottawa IEW. STOCK PREPARATION MACHINERY 
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NEWEST MILLS 


ST. REGIS 


* * WALDORF 


CASCADE KRAFT 


GEORGIA PACIFIC 


FIBREBOARD 


- 


Check the record. Wherever you find new mills — mills designed and built for top performance and 
maximum efficiency — you’re likely to find Jones refiners. There’s a type and size to fit every require- 


ment — each precision designed and custom built to fit individual mill requirements. If you are think- 


ing of modernizing, it will pay you to include Jones in your plans. 
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U.S.I. SERVICES THE PAPER INDUSTRY 
WITH TECHNICAL LAB ASSISTANCE... 

in pulping 

in converting 

in packaging 


Whether you’re pulping, converting or 
packaging paper products, U.S.I. has a 
laboratory and staff devoted to technical 
service in your field. Its job: to see that 
U.S.I. products for the paper industry 
give you the results you need in your 
operation. 

U.S.I.’s pulp and paper laboratory — 
built eight years ago when U.S.I.’s 
Huntsville, Alabama, chlorine and caus- 
tic soda plant began operation —is a 
miniature paper plant, complete with 


auxiliary testing equipment. Here our 


5 Se : 5 ier = st 
IN PACKAGING — From studies such as this test of heat seal engineers work on bleaching and assis 


strength, U.S.I.’s Polymer Service Laboratory develops recom- with other applications of U.S.I.’s chlo- 
mended procedures for all aspects of polyethylene packaging. rine, caustic, ammonia, sodium peroxide 


. .. determine systems, techniques, types 
and concentrations of chemicals so that 
customers will know how to produce the 
brightest pulp with minimum fiber 
degradation. 

Another lab at Tuscola, Illinois, is 
staffed with experts on polyethylene tech- 
nology—including coating of paper and 
board, and packaging of paper products 
for the consumer market. They have 


equipment to duplicate commercial pro- 
duction and testing techniques . . . to 


tackle any problem involving an appli- 
cation for PETROTHENE® polyethylene 
resins. 

A vital part of the Polymer Service 
Laboratory’s work is development of new 
polyethylene paper coating and paper 
products packaging techniques along 


, mest with design of necessary equi : 
IN PULPING — Tech Service Engineer at U.S.I.’s laboratory- eines y ; = pak 
scale pulp and paper “plant” determines brightness of a hand Write or call for more information on 
sheet he has made from customer’s pulp, on Hunter Multipur- how these services can work for you in 


pose Reflectometer. He will also test it for tensile and bursting 


improving your products. . . expanding 
strengths, folding resistance. ah “ R 


your markets. 
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FROM DU PONT RESEARCH... 


The first Titanium Dioxide Pigment 


COMPARISON OF RETENTION PROPERTIES between ““Ti-Pure’” HR paper. Note particles of the conventional pigment have run 
and conventional Ti02 is demonstrated by Dr. Harold C. Brill, | through the filter paper in left test tube, while the HR filtrate 
Paper Section Manager, at the Du Pont Pigments Department, in the right test tube remains clear. HR has not passed through 
Technical Service Laboratory. Mixtures of chlorinated starch the paper. Your Pigments Representative will perform this 
and pigment were prepared and then poured through filter | desk-top experiment for you in your plant, if you wish. 
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expressly designed for wet-end addition 


Tappi 


Ti-PURE HR 


offers high one-pass retention...cuts pigment costs 


up to 15% in the presence of starch 


Now you can cut the amount of titanium di- 
oxide pigment added in the wet-end and still 
give uniform high brightness and opacity to 
bond, offset and other quality printing papers. 
The reason is new Du Pont ‘‘Ti-Pure” HR— 
the first titanium dioxide pigment developed 
expressly for papermaking. 

“Ti-Pure’”’ HR offers better one-pass reten- 
tion in the presence of oxidized starches than 
any other pigment. (The HR stands for High 
Retention.) In systems without starch, HR 
has retention equal and sometimes superior 
to commonly used beater-grade pigments. 


Plant run shows difference in retention 

In a typical plant run, the titanium dioxide 
content of finished sheets showed these differ- 
ences: conventional titanium dioxide plus a 
retention aid, 5.0%; “Ti-Pure’’ HR, under 
optimum conditions, 6.47%. 

This superior retention naturally means less 
pigment loss to the sewer, less load on save 
alls. Several mills that have recently switched 


TI-PURE HR 


(Titanium Dioxide Pigments) 
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to “‘Ti-Pure’’ HR report savings up to 15% 
in pigment costs. 

HR has unique properties 
“Ti-Pure” HR is a water-dispersible pig- 
ment that can be added dry, or used in mills 
with wet slurry systems. It has outstanding 
suspension properties, minimizing the prob- 
lem of settling in the float chambers of the 
metering pump. HR is not flocculated until 
alum or other flocculating agents are added 
and offers opacity and brightness, dry or 
waxed, similar tocommonly used beater grades 
of anatase ‘Ti0>. 


RESULT: BETTER CONTROL over the pigment con- 
tent of your papers, more uniform paper qual- 
ity. Let your Du Pont Pigments Representa- 
tive tell you about “Ti-Pure” HR. He’ll run 
a demonstration for you that dramatically 
compares the retention qualities of HR with 
a standard pigment (see picture left). 


E. I. du Pont de Nemours & Co. (Inc.) 
Pigments Department, Wilmington 98, Delaware 


REG. U.S, PAT, OFF 


BETTER THINGS FOR BETTER LIVING 
... THROUGH CHEMISTRY 


-I 
on 
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LODDING PRESS DOCTORS are recognized by 
their ability to remove all water from the roll. 
Even when running a pond, there is no leakage. 


Outstanding performance like this is due 
to Lodding’s specialization in precision doctor- 
ing. Every doctor is individually designed for 
each installation. 


Top press roll doctors are no exception. 
They are engineered to fit accurately and to 
provide uniform pressure along the entire 


LODDING 
DOCTORS 


length of the doctor blade, regardless of the 
amount or location of broke on the scoop. 
The scoop itself is fused into the rugged ma- 
chined surface of the doctor back for added 
strength. In addition, perfect alignment with 
the roll axis is assured by mounting the doctor 
on the press arms, enabling it to ride with the 
roll, no matter what position the roll takes. 


Details like these guarantee the unique 
dependability of Lodding custom-made doctors 
in thousands of world-wide applications. What- 
ever your need for doctors, from Fourdrinier 
to reel, you can rely on Lodding, the recog- 
nized world leader in precision doctoring. 


Write, wire or phone Lodding or your 


nearest sales representative for complete tech- 
nical information. 
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YOUR 
APPLETON 
MAN LOOKS AT 

FELT APPLICATION AND 

PERFORMANCE PROBLEMS 
FROM EVERY ANGLE. And once he knows 

your special needs he'll start working on a custom appli- 

cation that will solve present problems and eliminate future 

ones. Must be the right way, too, because it has helped solve | 

hundreds of special felt application and performance oroblems for | 


others. Why not take advantage of his experience? You'll 


be glad you did! 


AP-PLY FELTS 


Appleton Woolen Mills 
Working With The Paper Industry 
Appleton, Wisconsin 


RICE STRAW 


We build pulp 


WHEAT STRAW 


SUGAR CANE BAGASSE 
(completely depithed) 


CORN STALK 
(before depithing) 


around the world 


MANILA HEMP 


ibe 
REEDS ELEPHANT GRASS 
(before cleaning) 


(phragmites communis) 


and paper mills 


ESPARTO GRASS BAMBOO 


EUCALYPTUS SALIGNA 


MONTEREY PINE 


using these locally-abundant raw materials 


Many countries have improved their economic position by 
making pulp and paper from locally-abundant grasses, 
woods and agricultural fibers. They began by having 
Parsons & Whittemore conduct a thorough technical and 
economic field survey. The selection of the proper process 
and equipment for use of such fibers is dependent upon 
many factors that can only be properly evaluated by highly- 
experienced personnel. 

Field research is only one of Parsons & Whittemore’s serv- 


THE PARSONS & WHITTEMORE / LYDDON ORGANIZATION 


ices. Our organization has world-wide technical, financial 
and machinery-manufacturing facilities that enable us to 
plan and supervise the designing, engineering, financing, 
construction and equipment of pulp and paper mills in any 
country having the required raw materials. We will even 
train local workers to operate the mill...and our branch 
offices will arrange for the sale of the plant’s pulp and paper 
output on world markets. For information on any or all of 
these services, write to our nearest office. 


World leaders in the development of pulp and paper mills for the use of local fibers 


18-19 Savile Row, London W.1, England 


5 Rue Jean Mermoz, Paris 8°, France 


250 Park Avenue, New York 17,N. Y. 


TBA 
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SOLVAY CHEMICALS FOR THE PAPER INDUSTRY: 
Caustic Soda - Chlorine » Hydrogen Peroxide 


Soda Ash 


SOLVAY PROCESS DIVISION 


61 Broadway, New York 6, N.Y. 


SOLVAY branch offices and dealers are located in major centers from coast to coast. 


Tappi 
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This Sotvay Technical Service spe- 
cialist is measuring viscosities of 
pulp samples at a customer’s request. 


.. to work for you! 


In the Paper Section of Sotvay Technical Service 

this young lady devotes all her time to the problems of 
papermen like yourself. Working with a Sotvay field 
staff of industry-experienced paper experts, 

she’s ready to give individual help to SoLvAy customers 
on specific matters—ranging from sample analysis 

to new process development. Her “‘office”’ is 

the nation’s largest alkali laboratories. 


If you would like information or technical aid in 
applying any of the Sotvay® products listed here, write 
us. We invite you—at no obligation—to sample this 
rich 78-year tradition of SoLvay quality and skill. 
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for Paper Machine Dryers 
with STATIONARY 


with 
“Quick Release’ Nipple 


This simplicity of construction means fewer breed- 
ing places for trouble. The SUPER construction— 
which features rock-hard “Green Streak” seal rings 
and special Ni-Chrome plating—reduces friction 
and wear importantly. The “Quick Release” Nipple 
makes mounting, or inspection, a one-man one- 
wrench operation. The Syphon Elbow ends all the 
troubles of the unwieldy curved syphon pipes— 
hinges to pass right through the joint. 

Like all Type S Johnson Joints, the Type SBP is 
completely self-supporting—needs no external sup- 
ports of any kind. All in all it is a good example of 
why Johnson Joints are first choice in the paper 
industry. Type S Johnson Joints are available in 
sizes from 4" through 4”, for both through-flow 
and stationary syphon pipe applications. 


FREE TRIAL—We'll gladly furnish a pair of Johnson Joints for 
90-day trial in your own mill. Write for information. 


«STOP ROD LUG QUICK RELEASE NIPPLE 


© 
4 


Syphon Pipes 


“SYPHON ELBOW 


—Makes the joint self-supporting. It is of 


self-lubricating long-wearing carbon-graphite. 


—Also of carbon-graphite. Elimi- 


nates all packing and requires no lubrication. 


—Rotates with the roll, and seals 


against the ring. 


—Serves for initial seating only. In 


operation joint is pressure-sealed. 


843 WOOD STREET @ THREE RIVERS, MICHIGAN 


Px THE JOHNSON CORPORATION 
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and for Paper Machine Dryers 
with ROTATING 
Syphon Pipes 


Best Design Yet 


Rotating syphon pipe does not rotate fn the packing; thrust 
collar, nipple, packing gland and syphon pipe all rotate to- 
gether as a unit. Joint needs no lubrication or adjustment. 
Time-proved construction has only’ a few simple parts—a 
design which thwarts trouble, permits easier field servicing. 
Assembly plate provides ready ac¢ess to syphon pipe. Type 
L-N Johnson Joints are available jh sizes from 14” thcough 8". 


Floating Action 


Simple rod supports carry all the weight of the body and con- 
nections—permit the rotating assembly to ‘float’ freely inside. 
Can be adapted for machines with open or enclosed gearing. 


SUPER 


Type L-N 


Johnson 
Joint 


with 


ao" 7 


Quick Releas 
Nipple 


Easy On... and Off 


Johnson “Quick Release” Nipple utilizes powerful wedging 
action to lock nipple securely to journal. You install the joint 
—or remove it for inspection—with just an end wrench; no 
danger Of damaging nipple with heavy pipe wrenches. 


Super Construction... and Stamina 


Teams ‘“‘Green Streak” seal rings, of much harder and denser 
structure, with Ni-Chrome plating on wearing surfaces. 
Results: Considerable reduction in friction load and much 
longer service life. 


Write for Literature 


Bulletin S—Johnson Joints for use with both 


through-flow and stationary syphon pipe 
applications. 

Bulletin N—Johnson Joints for use with rotat- 
ing syphon pipe. 
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*SCRIPTITE, LYTRON: Reg. U. S, Pat. Of 


Monsanto Scriptite 33—a melamine resin supplied as a dry fine powder—imparts high wet 
strength to many paper products. It increases wet bursting strength, dry tensile strength, wet 
rub resistance... improves dry stiffness, dry mullen, folding endurance, wax pick, dimensional 

stability. Monsanto offers a wide range of Scriptite resins for increasing the wet strength 

and water resistance of paper and board. Also available are Monsanto Lytron resins, water 
dispersal resin polymers, for efficient paper and board coating. For complete 
information of Scriptite 33 and other Monsanto paper resins, write Monsanto 
Chemical Company, Plastics Division, Room 748, Springfield 2, Mass. 


MONSANTO DEVELOPER IN PLASTICS 


The Monsanto line of paper resins also includes: scriptite 40 urea type wet-strength resin. SCRIPTITE 5 
water-insoluble adhesive for paper and liner board. SCRIPTITE 55 low viscosity resin for improved water resistance, w 
and dry rub resistance with easy handling. ScRIPTITE 52 in combination with formaldehyde, gives water resistance 
folding boxboard and jute liner. SCRIPTITE 50 unsurpassed printability, improved surface characteristics on boxboare 
SCRIPTITE 45 new thermosetting resin for stabilization of paper. LYTRON* water dispersal resin polymers for coating. 


protects valuable equipment 


GOOP is the amazing new compound for ending the 
costly galling, seizing and resultant destruction of 
threaded parts. 


The line includes three separate products: Blue GOOP, 
Silver GOOP and High Purity GOOP. 


= ; 
ANT AS Gooy is formulated to prevent seizing and 
galling of threaded parts, regardless of applied load, 
at temperatures up to 2100°F. It reduces take-up 
torque on threaded parts. Will not drip off red-hot 
surfaces nor give off poisonous metal or oxide fumes 
at high temperatures. Resists water washout. 


s 
Drwe Gov is an anti-seize and sealing. compound 


for use on titanium, stainless steel, steel, aluminum 


A oa 
and high temperature alloys. Withstands temperatures 
up to 400° F. Impervious to water washout, most acids 
and all petroleum solvents. 


© 

Wade Boriry, Gog is an anti-seize and sealing com- 
pound for titanium, stainless steel, steel, aluminum 
and high temperature alloys. Withstands temperatures 
up to 400° F. Impervious to moisture, high voltage and 
cyclic thermal stress. Recommended for use wherever 
prevention of product contamination «is an important 
factor. i 


CRAWFORD FITTING COMPANY 


884 East 140th Street 
Cleveland 10, Ohio ere 


Crawford Fittings (Canada) Ltd., Niagara Falls, Ontario, Canada 
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SCAPA has revolutionized 


The CLIPPER SEAM 


SCAPA TAPERED WEBBING* 


“flows” over your felt rolls with no abrupt 


PATENT APPLIED FOR 


*U.S. 


bending action. This assures a smooth running, 


long lasting seam. 
This Synthetic Webbing won't hold mois- 


ture—always runs dry. 


* NOTE SERPENTINE STITCHING TO EQUALIZE FELT PULL 


SIDE VIEW OF DRYER FELT SHOWING TAPERED WEBBING FOR CLIPPER SEAM 


SCAPA DRYERS, INC, Gxcn: 


SELLING AGENTS 
Morey Paper Mill Supply Company 


309 SOUTH STREET, FITCHBURG, MASS. 


John B. Chandler Co. 


1935 OCEAN FRONT, ATLANTIC BEACH, FLA. 


Tipka Supply Company 


415 JACKSON ST., OREGON CITY, ORE, 
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Caustic users in the industrial East, Midwest and mid- 
South can always depend on us to deliver promptly by 
the fastest possible route. 


Shipments are rushed from our startegically located 
South Charleston, W. Va. plant by truck, tank-car or 
barge. Frequently we're able to get your shipment to 
you hours faster than producers miles closer on the map. 


And you are always assured of high quality caustic in 
the grade and form you need, produced under modern 
automatic controls. Liquid grades are handled through 
nickel pipes, stored in lined tanks and “polish filtered” 
just before shipment for utmost clarity. 


Why not see for yourself what we have to offer. Let us 
ship the next spot order you place. 


Liquid 73%: Liquid 50%, Regular and Low-Chloride Grades: Flake, Solid and Ground 


45% and 50% Liquid: Flake 


Putting 


me 


FOOD MACHINERY 
AND CHEMICAL 
CORPORATION 
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FOOD MACHINERY AND CHEMICAL CORPORATION 


General Sales Offices: 
® 161 E. 42nd STREET, NEW YORK 17 


Work 


F000 
(MACHINERY 
AND 
“CHEMICAL 
CORPORATION 


Glasteel takes the bite out of corrosive chlorine dioxide at Scott Paper Company’s mill in Mobile, Alabama. 


How to profitably end corrosion 
in every phase of ClO, generation 


If you examined these tanks for dissolving and storing sodium 
chlorate, you'd find no evidence of corrosion at the con- 
stantly shifting liquid-air interface. 

The reason? These are Pfaudler Glasteel tanks—steel out- 
side for strength, glass inside for corrosion resistance. And 
there is no rust contamination of the chlorate, which can 
cause troublesome “puffs.” 

These tanks plus towers, pumps and ClO, storage tanks 
are part of the chlorine dioxide system at Scott Paper Com- 
pany in Mobile, Alabama. In operation for some 15 months 
now, there has been no evidence of corrosive attack in any 


£™ 
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PFAUDLER PERMUTIT inc. 


Specialists in FLUIDICS...the science of fluid processes 


part of the system where Glasteel has been used. 

You will also find Glasteel equipment in 38 other pro- 
gressive pulp mills. And, whether the Solvay or Olin Mathie- 
son process is used, the reports are still the same: Pfaudler 
Glasteel turns out to be the most economical equipment 
available, in terms of cost, maintenance and service life. 

With this experience and our Project Engineering service, 
Pfaudler offers you or your engineering firm complete plant 
design, procurement and installation for ClO, generating 
systems. For more information, write to our Pfaudler Divi- 
sion, Dept. TA-40, Rochester 3, N. Y. 


*FLUIDICS is the Pfaudler 
Permutit program that inte- 


grates knowledge, equipment 
and experience in solving prob- 
lems involving fluids. 
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FOR SURFACES 


An exaggeration? 


Not much! Because KOFILM, our unique acetylated 
starch, makes a big difference in surface sizing results. 
Surfaces are actually smoother. With maximum print 
fidelity, better brightness, higher pick strengths and 
more uniform control of ink penetration. 


KOFILM eliminates variations in viscosity and strength. 
It prolongs viscosity stability over extended periods 


750 Third Avenue, New York 17 ° 
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SE 


“SMOOTH AS ICE” 


of time. Performs cleanly in starch supply systems and 
on the paper machine. Offers high strength, more 
flexibility and excellent film forming properties. Im- 
proves oil resistance and wax holdout. And is an 
excellent pigment binder for coating applications. 


KOFILM is available in a range of viscosities. Why not 


compare it with whatever you're now using? Your 
nearest National office will be glad to work with you. 


onal 


STARCHES 


NATIONAL STARCH and CHEMICAL CORPORATION 
3641 So. Washtenaw Avenue, Chicago 32 


735 Battery Street, San Francisco 11 
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Yes, when you think about it, bright white space is what 
EpGAR PAPER CLAYs are—and shipped to you 
in the most convenient form—bag, bulk or slurry—rail or truck. 


Step #1 in the preparation of this “‘bright white space’’ is selective 

mining of prime kaolin clay . .. Step #2 is water washing and fractionation 
with controlled viscosity and particle size to each papermaker’s specification 
... Step #3—drying and large volume storage for prompt deliveries. 


And—over 1,000 control tests per day to assure you highest quality Edgar clays. 


Help yourself to “‘bright white space’”’ in your papers. 
Call M&C for ample samples, complete technical service. 


Minerals & Chemicals Corporation of America 


5002 ESSEX TURNPIKE, MENLO PARK, N. J. 
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IF YOU PACKAGE... 


FURNITURE 


CARTON COATINGS OFFER 


7-WAY PROTECTION 


No more fiber scratch 
Improved scuff resistance 
Higher chemical resistance 
High grease resistance 
Better gloss 

Moisture resistance 
Reduced rub-off 
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If grease, moisture or fine finishes present packaging problems 
for your product, here’s how you can pack and ship them safely 
without recourse to costly carton liners: 


Incorporate A-C Polyethylene into your present carton-coating 
operation! It will eliminate fiber scratch and scuffing, give your 
cartons adequate resistance to grease, water and chemicals. 


A-C Polyethylene can save you money, too. When you add it to 
ordinary wax coatings, penetration is drastically reduced, re- 
sulting in less wax consumption. For example, with straight 
paraffin, the normal coating weight is 7-8 lbs./1000 sq. ft. With 
addition of A-C Polyethylene, it is frequently reduced to 3-5 
Ibs./1000 sq. ft. with superior protection! 


Write for literature, free samples. Free samples and tech- 
nical data are now ready for your evaluation. Just write us at 
the address below. Or ask your local Semet-Solvay representa- 
tive for a demonstration in your own plant. He can show you, 
right on your own equipment, how A-C Polyethylene can im- 
prove your cartons, save you money at the same time! Contact 
us for the names of processors in your area who make up blends 
of A-C Polyethylene and wax. 


SEMET-SOLVAY PETROCHEMICAL DIVISION 


Dep 


t. 573-E, 40 Rector Street, New York 6,N. Y. 


National Distribution *° Warehousing in Principal Cities 


89 A 


Bizvcer Sales... Better Production... 


Ve ‘ 


Lawton 


Quaternary Ammonium Paper Softener 


Cellolube Q-2 softens napkins, tissue and towel stocks 
without adverse effect on physical properties — puts added 
“soft sell” in the finished product . . . without creating 
processing problems. And Cellolube Q-2 gives you wider 
latitude in pulp selection too! Sheets leave the doctor blade 
more uniformly, with a finer crepe. And machines actually 
run more smoothly with less down time. For a revelation in 
superior paper softening test Cellolube Q-2 now! 
Economical Cellolube Q-2 treats tissue stock for as little 
as $1.33 per ton, and toweling for $3.30 per ton. Increased 
processing speeds may actually lower your over-all costs! 
Tanatex is prepared to demonstrate Cellolube Q-2 in your 
mill on a full scale trial. For details write, wire, phone: 
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TANATEX 


GCOr RRS Oa ReAs alec ON 


Belleville Turnpike, Kearny, New Jersey 
WYman 8-0732 


CHEMICALS 
FOR DIFFICULT PROCESSING 
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Where in this 
triangle is the 
best Atlantic 
wax blend 
for you? 


Somewhere in the tri-linear chart above is a composition 
of high-quality waxes just right for your operations. One 
of the many ways in which your Atlantic Sales Engineer 
can serve you is to pinpoint this position after he has 
made a thorough study of your individual requirements. 


First, he determines the proper types of waxes for pro- 
tection, convenience and sales appeal in the material you 
convert. Precise knowledge of the values he can ascribe 
to each component, including any required additives, 
means he can locate accurately on a chart the blend com- 
position suitable for any end use in your plant, 


As an example, wax coated wrappings for frozen foods 
must furnish good blocking resistance for easy handling 
and stacking... strong heat seal to retain freshness and 


A Blocking 120° F 
Al Blocking 115° F 
B Seal S.rength 30 gm./in. 
Bi Seal Strength 15 gm./in. 


4) 1 
2 
9) : 
4 
5 
6 
76 
3 
5] 
8 
flavor ... low moisture vapor permeability ... and attrac- 


tive high-gloss appearance. The characteristics of each 
component in such a coating would be plotted on the chart 
to form the envelope-shaped area indicated here in red. 
Any proportion of the waxes within this area may be 
satisfactory for frozen foods packaging. 


But that’s only half the task. Converting equipment, 
methods and the packaging material used vary widely 
throughout the industry. It therefore requires the experi- 
ence and technical knowledge of the Atlantic Sales En- 
gineer .. . backed if necessary by Atlantic’s extensive 
research facilities...to discover within the general area 
a composition best suited to each individual use. This 
basic method of exact blend determination can be applied 
to any field where wax blends are used. 


Atlantic’s technical resources and extensive knowledge 
of commercial wax applications are available to your firm 
entirely without obligation. For full information on how 
Atlantic can assist you in serving your customers, just 
call or write to your nearest Atlantic office. 


ATLANTIC OFFERS 
A FULL LINE OF 
INDUSTRIAL WAXES TO MEET 
EVERY CONVERTING NEED 


ATLANTIC 


Refractometer checks 
laboratory prepared chem- 
icals used in developing 
new felt treatments. 


The Infra-Red Spectrophotometer 
“fingerprints” fibers by detecting 
the degree of chemical modification 
and helps develop new all-purpose 
felt treatments. 


Over-all view of physical testing 
laboratory where complete fabric 
analysis is made. 


gience center 


of the felt industry 


HERE HUYCK TAKES 
TRAINED SCIENTISTS AND ENGINEERS 


+ LATEST EQUIPMENT AND FACILITIES 


+ KNOWLEDGE AND EXPERIENCE 
+ DOLLARS 


AND MAKES PROGRESS 


This is the basic equation for success. The millions 
of dollars spent each year at this Science Center re- 
sults in felts that fit better, start-up faster and give 
longer, more trouble-free life. All-purpose 4-D 
Treatment and HUYVEL Process for controlling 
hair shedding and marking are but two of the con- 
tinuing Huyck developments that mean better felt 
performance now and in the future. 


The instruments, facilities and scientists pictured 
are in addition to the many devoted exclusively to 
customer service. They represent Huyck’s invest- 
ment in feltmaking progress that is unsurpassed in 
the felt industry. You are invited to view these pic- 
tures carefully and ask your Huyck Sales and Service 
Engineers how each device and service can improve 
your felt operations. 
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yrming chromatographic analyses, tion microscope to assure the use of uniform 
‘ately seeks out types of felt damage. diameter wools. 


Felt Wear Tester simulates 
actual paper machine condi- 
tions and serves as pilot plant 
for testing new felt 
developments. 


One of two Instrons, sensitive 
instruments used to measure the 
strength and resilience of felts, yarns 
and individual fibers. 


Huyck Felt Co., 


Rensselaer, N. Y.; 
Aliceville, Ala.; 


Division of Huyck Corporation. 


In Canada: Kenwood Mills Ltd., 


Arnprior, Ontario. 


UYCK US: Terriiiit farses 


FIRST IN QUALITY * FIRST IN SERVICE SINCE 1870 


By every Standard... AGakceY MEASURES UP AS — 


THE QUALIFIED SUPPLIER OF SALT CAKE 


®@ ACCURATE 
PROCESSING 
OF ORDERS 


© UNIFORMLY 
WIGH QUALITY 


@ ABUNDANT 
STORAGE 


@ FLEXIBLE AND 
EFFICIENT 
LOADING AND 
SHIPPING 


@ EXTENSIWE 
PRODUCTION 
CAPACITY 


@ VAST NATURAL 
SOURCE OF 
RAW MATERIAL fe 


aM 


SF 
‘See 
pe 20 6 
@ ALL CONMIT- ee 
MENTS SCRUP- 


VLOU SS 
i ocation of West End plant permits fast, 


@ FRIENDLY, HELP- 
FUL ATTENTION 
TO \NDWIDUAL 
NEEDS 


economical transport by rail or truck to any point 
the West or throughout the nation. 30 minute 


@ PROMPT, 
AUTHORITATIVE 
ANSWER 10 
EVERY \NQUIRY 


) and-out loading for bulk trucks at any hour 
f day or night through “serve yourself” deliv- 


ee : : . . . ; 
Mowevernved Vien ery. Immediate shipment in West End’s own 


your needs, you will 
find in West End a | 
unique coordination of 
specialized services, \ 
extensive production | 
facilities and product 

excellence essential | 
to the prompt, etfi- 
cient handling of indi- 
vidual requirements. 


Staufter 


leased hopper cars—ready at all times. 


CHEMICALS 
SINCE 1885 


= 
WEST END CHEMICAL COMPANY - DIVISION OF STAUFFER CHEMICAL COMPANY 


1956 WEBSTER STREET, OAKLAND 12, CALIF ¢« PLANT: WESTEND, CALIF. 
\k —————— \ 
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Hydrapulpers, Refiners and 
Jordans in Black-Clawson 
Equipped C. Townsend Hook 
Mill in England. 


PANDIA 


DIVISION 


PULP MILL 
EQUIPMENT 


DILTS 


DIVISION 


CONVERTING 
MACHINERY 


Wherever Paper is Made... 
Black-Clawson is There 


Black-Clawson offers technical and manufacturing facilities geared to serve 


the expanding pulp and paper industry on a world-wide basis. 

For example, the entire line of Black-Clawson American pulp and paper 
making machinery is manufactured for the British-European paper centers 
by Black-Clawson International, Ltd., at its Newport, England plant. 

Typical of their service is this stock preparation system... Hydrapulpers, 


Jordans, 


Hydrafiners, Selectifier Screens, etc. which precedes the new and 


modern Black-Clawson newsprint machine in operation at C. Townsend Hook 
& Co., Ltd. in Snodland, Kent, England. 


Divisions: 


Plants: 


Executive Offices: 250 Park Ave., New York, N. Y. 

Pandia Division, Pulp Mill Equipment + Shartle Division, Stock Preparation Equip- 
ment * Paper Machine Division, Paper & Board Machines « Dilts Division, Con- 
verting Equipment » Black-Clawson (Canada) Limited, Canadian Sales and Service 
BLACK-CLAWSON INTERNATIONAL, LTD., 18/19 SAVILLE ROW, LONDON, ENGLAND 
Hamilton, Ohio » Middletown, Ohio * Watertown, N.Y. « Fulton, N.Y. 


Newport, England 


International Representation in: New York, London, Paris, Zurich, Mexico City, 


Rio De Janeiro, Sao Paulo, Buenos Aires, Tokyo, Hamburg, Oslo, Amsterdam, 
Tammerfors, Milan, Lisbon, Melbourne 
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SHOWCASE 
FOR QUALITY 


Producing pulp of uniform brightness, 
strength and purity is not left to chance at 
Weyerhaeuser’s new Grays Harbor Mill. 


Controls are maintained at every processing 
stage which automatically measure and 
record temperatures, pressures, chemical 


At the filter plant, chemical proportioning and 
filter cleaning are automatically controlled. Water Each cook in each digester is automatically plot- "Round the clock tests are rum on each pulp other quality test checks are made 
color, turbidity and other quality factors are check- ted on charts, dials and flashing lights in the con- batch in the main plant laboratory by chemists every few minutes on pulp as it Chart room contains process 


ed many times daily 


stantly manned digester control room 


\ 


proportioning and other vital functions. 


And, even as these quality checks set high 
standards today, Weyerhaeuser research at 
Grays Harbor and its other mills is leading 
to new and better processes and products for 
tomorrow. 


Moisture content and a series of 


whose job is to ensure high-quality pulp. comes off the drying machine records on all pulp produced 


WEYERHAEL 
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The Influence of Selected Metal Traces on the Color 
and Color Stability of Purified Cotton Linters 


THOMAS P. CZEPIEL 


A review of the literature on brightness reversion and the 
reactions of cellulose suggests that salts of metals may be 
detrimental to high brightness in paper, either by directly 
imparting color or by accelerating reversion. The pur- 
pose of this investigation was to observe and interpret the 
effects of small amounts of selected metal salts upon the 
color and color stability of handsheets made from a 
highly purified cotton linters pulp. Salts of iron, copper, 
manganese, and other metals were added to slurries of 
pulp, and the specific absorption coefficients of reflect- 
ance pads made from the slurries were measured both 
before and after accelerated aging. It was found that 
traces of the added metal salts affected both the initial 
(before aging) and terminal (after aging) absorption 
coefficients. Although the more pronounced effect of the 
salts was to accelerate reversion, in the case of manganous 
sulfate there appeared to be significant inhibition of re- 
version. Conditions of temperature and moisture im- 
posed during heat-accelerated aging were observed to 
affect greatly the extent of reversion as measured by the 
terminal absorption coefficient. Metal-induced rever- 
sion appeared to proceed in two distinct phases; the first 
was complete after two hours of aging, and was due to in- 
organic reaction products; the second was not complete 
even after 66 hours of aging, and was due to organic reac- 
tion products. During its second phase, metal-induced 
reversion was in general paralleled by hydrolytic depoly- 
merization as measured by the intrinsic fluidity. Hy- 
droxymethylfurfural was tentatively identified in the 
aqueous extracts of aged pulp, and this may be a clue to 
the nature of the reactions leading from cotton linters to 
the organic pigments. 


AuruouacH the property of brightness and the 
phenomenon of brightness reversion have become in- 
creasingly important to the paper industry, technical 
means of effectively preventing reversion are not 
known. Moreover, the development of rational tech- 
niques for eliminating reversion is precluded by a lack 
of knowledge regarding the causes, mechanisms, and 
rate-controlling factors in this phenomenon. 

When paper undergoes a loss of brightness as the 
result of either natural or accelerated aging, materials 
must be formed or rearranged within the pulp fibers so 
as to absorb visible light. The possibility exists that 
reversion is strictly a physical phenomenon due, for 
example, to the migration of colored bodies from fiber 
interiors to fiber surfaces, but the results of recent rever- 
sion studies point to chemical changes as the more likely 
cause of reversion. - 

Although there is little direct experimental evidence 
that sorbed metal salts may induce brightness reversion, 
occasional publications (/-6) have suggested such a 
possibility. Metal salts are known to react with cer- 


Tuomas P. Cznriey, Graduate Student, The Institute of Paper Chemistry, 
Appleton, Wis.; present address, Seott Paper Co., Chester, Pa. Work per- 
formed at The Institute of Paper Chemistry. 
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tain noncellulosic components of wood pulps to yield 
colored substances (7, 8). Moreover, metal salts have 
also been shown to affect the rates and products of 
several reactions of cellulose itself. For example, metal 
salts impair the permanence of paper (9, 10), they 
accelerate the oxidation of wood pulps (1//-14) and 
cotton cellulose (15, 16) with hypochlorites and per- 
oxides (14, 17), and they accelerate autoxidation of 
alkali cellulose (18). 

The purpose of this investigation was to observe and 
interpret the effect of small amounts of selected metal 
salts upon the brightness and brightness stability of 
handsheets made from a highly purified cotton linters 
pulp. This type of pulp was chosen in order to mini- 
mize complicating effects of lignin, hemicellulose, and 
other components normally found in wood pulps. 

Metal salts could cause reversion in cotton linters 
pulp by forming inorganic pigments or by promoting 
the formation of organic pigments. Inorganic pig- 
ments might be formed by oxidation or hydrolysis of 
the metal salts, by complex formation between the 
salts and the cellulose or its degradation products, and 
by reactions of the salts and the residual, minor con- 
stituents of the plant fiber. Organic pigments might 
be formed from either the cellulose or the minor con- 
stituents by photolysis, pyrolysis, oxidation, or hydro- 
lytic degradation. 

Distinction between reversion caused by organic and 
inorganic pigments might be made by observing the 
extent to which the brightness of aged specimens re- 
turns to its original level when the added metal salts 
are removed by a dilute acid extraction. For rever- 
sion brought about by inorganic reactions, removal of 
the salts should restore the brightness to its original 
level. Any reversion brought about by irreversible 
organic reactions, on the other hand, would probably 
not be affected by removal of the metal salts. 

Many metal salts, e.g., ferric sulfate, react readily 
with water to form slightly soluble hydroxides that are 
more deeply colored than the original salt. Since 
water will be present on the cellulose during aging, 
this phenomenon may be important. Moreover, hy- 
drolysis of the salts liberates acid which could react 
with the linters to produce organic pigments. 

If oxidation of metal salts to more highly colored 
compounds, e.g., ferrous to ferric salts, is a significant 
cause of metal-induced reversion, some measure of its 
importance might be gained by comparing the effects 
of aging in air and in nitrogen. 

Since metals do not tend to form highly colored salts 
or complexes with cellulose or simple carbohydrates, it 
seems unlikely that materials of this type would con- 
tribute much color to handsheets made from cotton 
linters. Development of color via complex formation 
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with degradation products could conceivably occur but 
without knowledge of the structure of these products 
the importance of such complexes in reversion cannot 
be predicted. 

Since cotton linters contain small amounts of other 
substances besides cellulose, a highly purified grade of 
linters was selected for this research in order to mini- 
mize the contribution of minor constituents to reversion. 


Cellulose is subject to photolytic and pyrolytic 
degradation, but because accelerated aging was carried 
out in light-tight, sealed chambers at temperatures 
which did not exceed 107°C., these reactions may be 
disregarded as important sources of organic pigments. 

In the presence of oxygen at elevated temperatures 
cellulose undergoes oxidation to form a variety of 
partially unsaturated products, but even cellulose that 
has been treated with an excess of powerful oxidants 
does not usually appear colored. On the other hand, 
pulps having high carbonyl contents as a result of 
oxidation during bleaching are generally observed to 
undergo reversion more easily than pulps with low 
carbonyl contents (19, 20). This implies that reversion 
may be the result of additional reactions following 
oxidation. Since atmospheric oxygen will be the only 
oxidizing agent present in sufficient quantity to cause 
significant oxidative degradation of cotton linters, the 
importance of oxidation could be determined by com- 
paring the results of aging in air and in nitrogen. 

Cellulose is sensitive to acid hydrolysis because of 
its B-1,4-glucoside structure. Limited, random hydrol- 
ysis of cellulose would be expected to reduce the D.P. 
Accordingly, if hydrolysis is important, the reversion 
process could be followed by viscosity measurements to 
provide one indication of the occurrence of hydrolytic 
chain scission. As with oxidation, hydrolysis alone 
cannot produce colored materials from cellulose, but, if 
hydrolysis is extensive or localized enough, low molecu- 
lar weight carbohydrates would be formed which, upon 
undergoing appropriate additional reaction, could lead 
to color formation. There are many possible pathways 
by which colored substances are formed from carbohy- 
drates and one of the more plausible is via the furans. 
The detection of hydroxymethylfurfural (HMF) would 
indicate that at least some of the products causing 
reversion could be formed via the furan pathway. 


EXPERIMENTAL MATERIALS AND METHODS 
Cellulose 


The pulp used throughout this investigation was 
Buckeye Cellulose Corp. acetate-grade “‘Cotton Linter 
Pulp, Type 1-AR-2000.”” Immediately prior to use, 
portions of the pulp were slushed at 1.6% consistency 
and soaked in a mixture of hydrochloric (0.1 N) and 
hydrofluoric (0.1 N) acids for about 15 hr. After 
being filtered and thoroughly washed with deionized 
water to remove all traces of acid, the pulp was used to 
make handsheets. After this treatment the pulp, 
which had contained 99.6% alpha-cellulose, held no 
detectable manganese or copper, approximately 4 p.p.m. 
iron, and less than 0.01% ash. 


Water 


All water used in this investigation was passed 
through an ion-exchange column charged with Amber- 
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lite MB-3 resin. The specific conductance of water so 
treated was less than 0.3 X 10-* ohm™ cm.~’. 


Metal Salt Solutions 


Analytical or reagent grade salts were dissolved in 
deionized water to yield solutions containing approxi- 
mately 0.1 g. metal per liter. Aliquots of these stock 
solutions were added to the pulp slurries as required. 

The hydrogen ion concentration of the iron sulphate 
stock solutions was adjusted to pH 2.2 with sulphuric 
acid to prevent the formation of colloidal hydroxides 
which might have been filtered out during handsheet 
formation. Although the hydrogen ion concentration 
of the stock solutions varied as a result of either hydrol- 
ysis or adjustment, this variation was not reflected 
very greatly in the pH of the pulp slurries because not 
more than 20 ml. of stock solution were added to 2000 
ml. of slurry. Thus, pulp slurries containing no metal 
salts had pH’s of 5.0 to 5.5, and those containing 
acidified iron sulfate had pH’s of 4.0 to 4.5. 


Addition of Metal Salts and Handsheet Formation 


The equivalent of 8 g. of oven-dry, acid-washed pulp 
was suspended in 2 liters of water and dispersed for 
15,000 revolutions in a TAPPI Standard disintegrator. 
This slurry was immediately divided into two equal 
portions each of which was diluted to 2 liters. To each 
portion the equivalent of 2 mg. of a metal was added 
from one of the metal stock solutions. The two metal- 
containing slurries were again divided into equal por- 
tions and the four resulting slurries filtered separately 
on a Buchner funnel. 

The preparation of handsheets was in accordance 
with TAPPI Standard T 218 m-54 with the following 
exceptions: The pulp slurry comprising 2 g. of oven-dry 
fiber and 1 liter of water was filtered on two sheets of 
15-cm. filter paper instead of one to prevent the holes 
in the funnel from marking the handsheet. Also, after 
the handsheet had been formed and blown on to a 
single sheet of 18.5-cm. filter paper, the two sheets of 
15.-cm. paper were carefully removed from the wet pad 
and replaced by a new standard blotter. This proce- 
dure was necessary to avoid the fuzzing of the handsheet 
which occurred when the 15-cm. filters were removed 
after pressing or drying. 

After the handsheets had been dried, a disk 9.0 cm. 
in diameter was cut from the center of each with a steel 
die. The disks were accurately weighed under con- 
stant humidity conditions (50% R.H. at 70°F.) and 
their basis weights, W, in grams per sq. em., calculated. 
The disks were then used for initial optical tests. 

A minimum of four reflectance disks were made for 
each sample, e.g., the control or pulp treated with a 
metal salt, to be tested. Two were used for the deter- 
mination of the absorption coefficient, and the other 
two were used as backing for reflectance measurements 
and as protective padding during aging. 


Determination of the Specific Absorption Coefficient 


Although the brightness of paper is normally evalu- 
ated in terms of reflectance, reflectance per se is of little 
fundamental value because it is not directly related to 
the chromophore concentration in the sheet. A more 
satisfactory optical property of paper is the Kubelka- 
Munk specific absorption coefficient, k (21, 22), which 
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Table I. Conditioning Atmospheres and Moisture Con- 
tents of Cotton Linters Pulp 


Relative Moisture 
humidity, content 

Salt % of pulp, % 
Potassium chromate 86.5 (25) 11.2-11, 4° 
Sodium chloride 76.5 (26) 9.4-10.1° 
Sn eee © 50 Gat Wo ile 
one ae <i 50 5.1- 5.3° 
Potassium acetate 22.9 (25) 3.9- 4.3°¢ 


@ Conditioned at controlled conditions room (50% R.H. and 70°F.). 
> Moisture gained on sorption. 
¢ Moisture held on desorption. 


has been shown to vary linearly with the concentration 
of dyestuff added to paper (23). If color reversion 
is regarded as the formation of dyestuffs in pulp, then 
values of k should provide a reliable means of deter- 
mining how much of these materials are formed during 
aging. 

Values of k for cotton linters pulps were determined 
from measurements of the reflectance, Ro, of a single 
reflectance disk backed by a black body, and the reflect- 
ance, R.,, of the disk backed by three additional disks. 
These measurements were made on the General Electric 
Recording Spectrophotometer (GERS) in reference to 
a magnesium carbonate block. 

The Ry of the disk was measured at 457 yu for ten 
different points on the disk and the readings averaged. 
The R,, of the same disk was next measured at 457 
u for five different points and these readings averaged. 
These average reflectances (Ry and R..) were corrected 
to the absolute scale of reflectance and used to deter- 
mine the value of the product, kW (W is the basis 
weight in sq. cm.), from Kubelka-Munk Charts (24) 
relating Ry and R. to kW. The basis weight, W, 
of the disk was then divided into kW to yield the value 
of k in sq. em. per gram. Values of k were determined 
for two disks from each sample and these values aver- 
aged to give k for the sample. 


Conditioning Prior to Aging 


After their initial absorption coefficients, ko,* had 
been measured, the reflectance disks were conditioned 
in desiccators at known relative humidities in order to 
adjust their moisture contents to the desired levels. 
The salts used to maintain the relative humidities, and 
the moisture contents of cotton linters pulp after 24 hr. 
of conditioning are given in Table I. After being con- 
ditioned, the samples were quickly sealed in aging 
chambers. 


Accelerated Aging 


To avoid fiber desiccation, accelerated aging was 
conducted in sealed chambers having low internal 
volumes. Aging chambers were constructed of brass, 
and details of their design are shown in Fig. 1. Calcu- 
lations based on a materials balance indicate that for 
the particular chambers used in this research, 97% or 
more of the initial moisture was retained if 10 or more 
grams of pulp containing 5.5% moisture were present 
in the chamber during aging. At least 10 grams of 
linters were placed in each chamber for all trials. 

Reflectance disks were stacked up and placed in the 
chambers as shown. Disks were separated from the 


* Subscripts given with the symbol & refer to the number of hours the 
sample(s) had been aged. 
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SILICONE RUBBER 


SAMPLES TEFLON SHEETS 


Fig. 1. Aging chambers 


brass surfaces on top and bottom by wafers of 0.005- 
in. teflon. Similar wafers were used to separate the 
disks of different samples. All four disks for each sam- 
ple were placed in the chambers, but the absorption 
coefficients of only the two not in contact with the 
teflon were measured. 

The oven in which the aging chambers were heated 
had inside dimensions of 12 X 12 X 12 in. and was 
fitted with a fan to reduce internal temperature gradi- 
ents. The temperature of the oven cycled over a 
1.5°C. range at 100°C. and completed each cycle in 
2 to 3 minutes. With the aid of a thermocouple sealed 
in an aging chamber it was observed that the disks 
reached oven temperature in about 30 to 40 min. 

After being heated for the desired time interval the 
chambers were removed from the oven, opened, and the 
reflectance disks removed. The absorption coefficients 
of the disks were then redetermined within one hour 
and the disks analyzed for their metal contents or their 
intrinsic viscosities. 

Except when k was determined as a function of aging 
time, terminal absorption coefficients were measured 
after 42 hr. of aging. Unless otherwise noted the 
extent of reversion is defined as ku, or the value of k after 
42 hr. of aging. 


Determination of Metal Traces 


The amount of metals present on the cotton linters 
pulp was determined by first destroying the organic 
matter with concentrated nitric, sulfuric, and _per- 
chloric acids (26), and then measuring colorimetrically 
the amount of metals in the clear solution. Jron was 
determined as the orange-red complex of ferrous ion 
and 1,10-phenanthroline (26). Manganese was deter- 
mined as the highly colored permanganate ion which 
was formed from the lower valence states by oxidation 


291 


with ammonium persulphate in the presence of a small 
amount of silver catalyst (27). Copper was deter- 
mined as the orange-brown complex of cuprous ion 
and 2,9 - dimethyl - 4,7 - diphenyl! - 1,10 - phenanthro- 
line (bathocuproine) (28). 


Determination of Intrinsic Viscosity 


Intrinsic viscosities, [n], of selected samples were 
measured in 0.5 M cupriethylenediamine at a concen- 
tration of 0.20 g. cellulose per 100 ml. solution (29, 30). 
Intrinsic fluidities [4], were calculated according to the 
equation, [¢] = 1/[n]. 


EXPERIMENTAL RESULTS AND DISCUSSION 


Variation of the Specific Absorption Coefficient with 
Wavelength 


The initial absorption coefficient, ko, of unaged sam- 
ples and terminal absorption coefficient, ku, of samples 
aged 42 hr. were measured at various wavelengths in 
the visible region in order to determine whether there 
was an optimum wavelength at which subsequent 
measurements of k should be made. Both ko and kuz 
increased as the wavelength at which they were meas- 
ured was decreased, but there was no wavelength be- 
tween 400 and 700 » at which these coefficients had 
a maximum value. Because brightness is defined as 
the reflectance at 457 y, all reflectance data for calcu- 
lating absorption coefficients were measured at this 
wavelength. 


Reproducibility of Absorption Coefficients 


The reproducibility of absorption coefficients was 
determined in order to estimate the error in measured 
values of k. Data were tested by applying the student 
‘4? distribution (31). For average values of Ro the 
95% confidence interval was +0.43 reflectance units, 
for the average Ra it was +0.12 reflectance units, 
and for the average k of a sample it was approximately 
aD. 

A comparison of the initial absorption coefficients 
from different trials indicated that the maximum coeffi- 
cient of variation (standard deviation divided by the 
mean) for ko) was +17%. A comparison of terminal 
absorption coefficients from different trials in which 
aging was conducted under nearly identical conditions 
indicated that the maximum coefficient of variation 
for ky was +14%. 

In all trials the relative effect of the metal sulfates 
in promoting reversion was the same, suggesting that 
differences in the effects of the salts were highly signifi- 
cant. 


The Effects of Metal Salts on the Rate of Reversion 


In order to determine how metals affected the rate 
of reversion in cotton linters pulp, the absorption coeffi- 
cients of reflectance disks were determined after 2, 6, 
18, 42, and 66 hr. of aging. Results of this experiment 
are shown in Fig. 2. 

The addition of ferric sulfate increased the initial 
absorption coefficient, ko, from 1.3 to 4.7 sq. em./g. and 
the addition of ferrous sulphate increased ko to 2.1 sq. 
cm./g. Copper and manganese sulfates did not cause 
large changes in kp. 

During accelerated aging the presence of ferric sul- 
fate greatly increased the extent of reversion for all 


292 


105 °c. 4.3 Te H20 


CONTROL 

FERRIC SULPHATE ADDED 
FERROUS SULPHATE ADDED 
CUPRIC SULPHATE ADDED 
MANGANOUS SULPHATE ADDED 


SPECIFIC ABSORPTION COEFFICIENT, SQ. cM fe. 
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Fig. 2. Specific absorption coefficient versus aging time 


aging intervals. The presence of ferrous and cupric 
sulphates did not cause a very great change in the 
extent of reversion for aging times of less than 18 hr., 
but did increase the discoloration occurring after longer 
exposure. Manganese had little effect on reversion at 
the shorter aging times and, quite unexpectedly, seemed 
to retard reversion for the longer intervals. 

The rate curves in Fig. 2 suggest that metal-induced 
reversion, particularly with ferric sulfate, occurred 
in two phases. The first phase appeared to be com- 
plete after 2 hr. of aging. The second phase, during 
which the major portion of reversion occurred, pro- 
ceeded very slowly at first, but became increasingly 
rapid as aging progressed and showed no signs of ap- 
proaching completion even after 66 hr. 

Since the rate of a chemical reaction is proportional 
to the concentration of its reactants (32), the reactants 
in the first phase of metal-induced reversion must have 
been present in limited quantities and must have been 
consumed within about 2 hr. It is possible that the 
reactants in this phase were either minor constituents 
of cotton linters pulp or the metal salts. The rate of 
the slower, second phase increased with aging time; 
therefore, its reactants were becoming more abundant 
with time. In view of the extreme purity of the cotton 
linters pulp, this suggests that the colored products 
were derived from the cellulose itself. 

The different effects caused by the four metal ions 
prompted a review of the physical and chemical prop- 
erties of the ions which might explain their behavior. 
No correlation was found between the ability of the 
metals to accelerate reversion and their electronic 
configurations, coordination tendencies, ionic dimen- 
sions, or oxidation-reduction potentials. A correlation 
did appear, however, between the ability of the ions to 
accelerate reversion and their basicities. 

The basicities of metal ions can be evaluated in terms 
of the pH at which precipitation of the metal hydroxides 
or hydrous oxides begins (33, 34), or in terms of the 
hydrolysis constants, Kuya, of the metal salts. Values 
of the precipitation pH and Kiya, for iron, copper, and 
manganese are shown in Table II from which it may be 
seen that the order of ionic acidity according to both 
criteria 1s: 

ferric > ferrous > cupric > manganous 


Vol. 43, No.4 April 1960 Tappi 


Table II. Properties of Metal Ions 


Property jie Altt+ Fett pia caiion Catt avai Mn++ Mg++ 
Precipitation pH (33) 2-3 4.0 5.5 5.4 Oo 8) 8.5 10.5 
Hydrolysis constant* iL S< TOTS. ESE TIM) Se TIO I< eS ele ee LE elO as Sele al Oietas 
Color of hydroxide (35) Red-brown White Green Blue White Pe Vinite White 
Color of oxide (35) Red-black White Black Black Brown White Gray White 
@ Knya was estimated from measurements of the pH of salt solutions of concentration, c, according to the equation: Knya = [H*]?/c (32). 


Thus, ferric ion is the most acidic (least basic) and has 
the greatest effect on reversion; ferrous and cupric 
ions are of nearly equal, intermediate acidities and 
exhibit nearly equal, intermediate effects on reversion; 
and manganous ion is the least acidic (most basic) and 
has the least effect on reversion. 

This correlation suggests that the products of salt 
hydrolysis, i.e., metal hydroxides and free acids, may 
play a significant role in metal-induced reversion. 

Providing the salts did hydrolyze before or during 
aging, then the precipitated hydroxides, if colored, may 
have been responsible for a portion of the reversion 
caused by metal salts. The colors of the metal hydrox- 
ides are shown in Table II. Referring to Fig. 2 and 
Table II, it is interesting to note that ferric sulfate 
caused the greatest increase in ky and kz while ferrous 
and cupric sulfates had only small effects, and manga- 
nous sulfate had virtually no effect on ko and ky. 

In order to test the hypothesis that ionic acidity 
(basicity) is a factor in metal-induced reversion, the 
effects of aluminum, lanthanum, cadmium, and mag- 
nesium were checked. The acid-base properties of 
these metals are summarized in Table II. 

The addition of cadmium, lanthanum, or magnesium 
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Fig. 3. Specific absorption coefficient versus moisture 
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sulfates resulted in small but detectable improvements 
in the color stability of cotton linters. These results 
are consistent with the hypothesis that the ease with 
which salts hydrolyze and the color of their hydroxides 
are associated with their ability to accelerate reversion. 

The addition of aluminum sulfate appeared to ac- 
celerate reversion only slightly in spite of the fact that 
it has an acidity between those for ferric and ferrous 
iron. 


The Effects of Moisture and Temperature 


Moisture. While attempting to reproduce values 
of the terminal absorption coefficient it was discovered 
that the moisture content of samples during aging had a 
significant effect on reversion. The moisture contents 
of reflectance disks were conditioned to approximately 
0, 4, 7, 9, or 11%, and the disks for each moisture con- 
tent sealed in separate aging chambers. All samples 
were aged simultaneously to cancel the effect of small 
temperature differences. Values of ky after aging at 
107°C. are shown in Fig. 3. 

Some reversion occurred at all moisture levels for 
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Fig. 4. Specific absorption coefficient versus temperature 
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Table III. Effect of Anions on Discoloration 

Specific absorption coefficient, sq. cm./9., 

Aging -——of samples containing the following salts 
time Con- Fer- Man- 
hr. Anions trol Ferric Tous Cupric ganous 
0 Sulfate eZ 4.93 2.24 1.58 1.54 
0 Chloride 1.52 28.4 2.85 1.69 1.69 
0 Acetate 1.48 14.6 ao 1.58 1.47 
42¢ Sulfate Sei ZAR) PANEL 15.5 3.63 
42 Chloride 3.82 42.1 24.3 13.8 3.29 
42 Acetate AKO GS GILG) 14.2 3.01 


@ Aged at 105°C. and 4.3% moisture. 


all samples, but those containing ferric, ferrous, and 
cupric sulfates had an apparent maximum value of 
kw at 4.1% moisture. A similar but much less distinct 
maximum was observed for the control and the sample 
containing manganous sulfate. The effects of mois- 
ture at temperatures below 107°C. were qualitatively 
similar to those indicated in Fig. 3, but the maxima 
were less pronounced. 

Temperature. In order to estimate the effect of aging 
temperature on the extent of reversion, reflectance 
disks were conditioned to a moisture content of about 
4% and aged at different temperatures. Values of 
kw for the various temperatures are shown in Fig. 4. 
In this figure the points at 25°C. are for values of ko. 

From Fig. 4 the extreme temperature sensitivity of 
metal-induced reversion is readily apparent. The 
extent of reversion for samples of cotton linters con- 
taining iron and copper salts approximately doubled 
for a 5°C. increase in temperature from 100 to 105°C. 
Extrapolation of the curves for the sample containing 
manganous sulfate and the control suggests that a 
10°C. change would have been required for a doubling 
of their extents of reversion. 

These results show that variation in terminal absorp- 
tion coefficients from different trials could be due to 
small temperature differences. In any attempt to 
reproduce terminal absorption coefficients accurately, 
temperature control would be of paramount importance. 


The Effects of Anions, Metal Concentration, and 
Hydrogen-Ion Concentration 


Amions. 
not have been independent of their acid radicals, the 
effects of sulfate, chloride, and acetate salts were 
compared. Reflectance disks prepared with the indi- 
cated metal salts were conditioned to a moisture con- 
tent of about 4% and aged simultaneously to cancel 
temperature variations. The results are shown in 
Table III. 

For manganous, cupric, and ferrous salts there were 
no significant differences in ko or kg, for the three anions. 
This indicates that the effects observed for these salts 
were due specifically to the cations. 

For ferric salts, on the other hand, the chloride and 
acetate caused larger increases in ko and ky than the 
sulfate. At equal concentrations, solutions of these 
salts were darker than the water-white sulfate solu- 
tion, and the pulp sorbed 4 to 5 times more metal from 
slurries containing them than the sulfate. 

Metal Concentration. The amount of metal retained 
by handsheets prepared according to the described 
method from slurries containing 1 p.p.m. of metal was 
fairly constant. This is apparent from Table IV where 
the extreme and average amounts of metal retained in 
eight trials are noted. 
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Since the effects of the metal salts might 


Table IV. Retention of Metals by Cotton Linters 


Metal retained, microgram-aioms/g. pulp, from 
-——slurries containing the following sulfates 


Ferric Ferrous Cupric Manganous 
Maximum 1.81 0.84 1.44 1.26 
Minimum 1.04 0.45 0.82 0.70 
Average” 1.51 0.65 is 0.95 


a Each of these averages represent 11 to 18 independent measurements. 


Handsheets prepared from slurries containing 0.5 
and 5.0 p.p.m. of metal, retained amounts which also 
fell within the extremes noted in Table IV. Conse- 
quently, the extent of reversion for disks prepared from 
these slurries was the same as for disks prepared from 
slurries containing 1 p.p.m. of metal. No additional 
experiments were conducted to determine how metal- 
induced reversion might vary for metal concentration 
beyond this range. 

Hydrogen-ion Concentration. In ‘considering the ef- 
fect of hydrogen-ion concentration on reversion, a 
distinction was made between the hydrogen-ion con- 
centrations of the slurries from which reflectance disks 
were made, and the reflectance disks themselves. 

The hydrogen-ion concentrations of pulp slurries 
varied from 4.0 for slurries containing acidified iron 
sulphates, to 5.5 for those containing either no added 
metals or manganous sulfate. In order to see whether 
this difference could be responsible for the detrimental 
effects noted for iron salts, reflectance disks were pre- 
pared from metal-free slurries that had been acidified 
to pH 4.0 with sulfuric acid, and from metal-free 
slurries that had not been acidified and had a pH of 5.5. 
These two sets of samples were conditioned to 5.2% 
moisture and aged at about 100°C. for 42 hr. The 
absorption coefficient of the unacidified sample increased 
from 1.42 to 4.51 sq. cm. per g. during aging, and that 
of the acidified sample increased from 1.44 to 3.85 sq. 
em. per g. The difference between values of ky: for 
these samples is not significant, indicating that small 
differences in slurry pH were not alone responsible for 
the greater discoloration caused by iron salts. 

The hydrogen-ion concentration of the reflectance 
disks themselves, is probably of greatest fundamental 
importance because it is at this concentration that 
aging actually occurs. In an attempt to ascertain 
whether the maximum amount of acid which could be 
released by salt hydrolysis would cause noticeable dis- 
coloration, 2.3 micromoles of sulphuric acid per gram 
of cotton linters were added to reflectance disks pre- 
viously prepared as controls, i.e., free of added metal 
salts. The choice of 2.3 micromoles of acid was based 
on the fact that samples treated with ferric sulfate had 
been observed to retain, on the average, 1.5 microgram- 
atoms of iron per gram; and the assumption that all of 
the metal had been sorbed as the sulfate, and had 
undergone complete hydrolysis during aging. 

The acid was added to the disks in a sufficient total 
volume (2 to 3 ml.) to wet them completely, and the 
disks were then air dried without being pressed so that, 
no acid would be removed. After the ko of these disks 
had been determined, they were conditioned 24 hr. at 
22.9% R.H. and aged 42 hr. together with a control 
and a sample containing ferric sulfate. Results of 
this experiment are shown in Table V. 


Allowing for the discoloration (approximately 10 
sq. cm. per g.) believed to be due to inorganic com- 
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Table V. Effect of Sulfuric Acid on Discoloration 


Specific absorption coefficients, sq. cm./9., 
of the following samples 


: : Sulfuric Ferric 
Aging time,@ acid sulphate 
hours Control added> added¢ 
0 1.26 1.30 4.63 
42 3.95 10.7 30.2 
42¢ 3.95 10.7 ~20 


@ Aged at 105°C. and 4.0% moisture. 

> Bach disk containing 2.3 micromoles of sulfuric acid per gram of linters. 

¢ Rach disk is estimated to have contained 1.5 microgram-atoms of iron 
per gram of linters. 

@ Adjusted for discoloration due to iron compounds. 


pounds in samples containing ferric sulfate, the acid 
equivalent of 1.5 microgram-atoms of ferric iron could 
account for at least one half of the organic color (ap- 
proximately 20 sq. em. per g.) developed in the presence 
of this amount of iron. 


The Contribution of Inorganic Compounds to Reversion 


The following experiments were undertaken-to estab- 
lish the extent to which inorganic compounds contribute 
to the color of aged cotton linters pulp. Reflectance 
disks were prepared and their initial absorption coeffi- 
cients aud metal contents determined. Two disks 
from each sample were separately extracted with 125 
mil. of a dilute acid mixture (0.1 N in hydrochloric acid 
and 0.1 N in hydrofluoric acid) on a sintered glass filter 
funnel for2to4 min. The extracted disks were pressed 
and dried according to the procedure used for forming 
reflectance pads, and their absorption coefficients rede- 
termined. 

Two groups of four additional disks from each sample 
were conditioned to a moisture content of about 4% 
and aged. One group was aged 2 hr. and the other 
group 42 hr. The terminal absorption coefficients of 
these aged disks were measured and the disks then ex- 
tracted in the same manner as the unaged samples. 
Absorption coefficients and metal contents of these 
aged and extracted samples were then redetermined. 

Acid extraction of all samples which had not been 
aged or had been aged only 2 hr., restored their 
absorption coefficients to values only slightly higher 
than that for the unaged, metal-free control. It there- 
fore appears that increases in ke and kz are largely due 
to the formation of colored metallic compounds. 

The effects of acid extraction on the absorption co- 
efficients and metal contents of samples which had been 
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Fig. 5. Effect of acid extraction on the specific absorption 
coefficient of aged samples 


Tappi - April 1960 Vol. 43, No. 4 


7/7 ONEXT'D 
NNN AGED, 42 HR, EXT'D. 


0.8 


METAL RETAINED, MICROGRAM -ATOMS /G. 


FERRIC FERROUS CUPRIC 
SULPHATE SULPHATE SULPHATE SULPHATE 
ADDED ADDED ADDED ADDED 


MANGANOUS 


Fig. 6. Effect of acid extraction on the metal content of 
pulp 


aged 42 hr. are shown in Figs. 5 and 6. Acid extraction 
reduced ky. only 24 to 38%, but removed 84 to 100% 
of the added metals. Thus, 62 to 76% of the color- 
producing materials were insoluble, whereas only 0 
to 15% of the metals were insoluble. 

A precise distinction between organic and inorganic 
color in samples aged 42 hr. is, of course, impossible 
on the basis of these results because some of the organic 
materials were probably extracted, and because some 
of the metals were not extracted. It seems, however, 
reasonable to conclude that 8/1 to 7/10 of the total 
color formed during 42 hr. of aging was not associated 
with inorganic materials. 


The Effect of Metals on Depolymerization 


In addition to accelerating reversion, metal salts 
were observed to accelerate depolymerization of cotton 
linters pulp. The rates with which the pulp underwent 
depolymerization as measured by intrinsic fluidity (36) 
are shown in Fig. 7. 

The rate of chain cleavage was accelerated by the 
presence of iron and copper sulfates and was slightly 
retarded by manganous sulfate. Fluidity curves for 
the control and samples containing manganese and 
copper salts were linear for the entire aging interval. 
Fluidities of iron-containing samples increased linearly 
with time for the first 18 hr. of aging, and appear to 
have increased linearly for the 18 to 66 hr. interval 
though at a different rate than for the first 18 hr. The 
linearity of these rate curves suggests that the apparent 
kinetics of the chain cleavage reaction are zero order. 
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Fig. 7. Intrinsic fluidity versus aging time 
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Fig. 8. Specific absorption coefficient versus intrinsic 
fluidity 


Comparison of Figs. 7 and 2 suggests there is a 
parallelism between the intrinsic fluidity and the specific 
absorption coefficient of aged cotton linters. Addi- 
tional fluidity data indicated that metal-induced depoly- 
merization, just as metal-induced reversion, was more 
extensive at 4% moisture than at 0 or 7%, and was 
extremely sensitive to aging temperatures above 100°C. 
These results further suggested that changes in the 
intrinsic fluidity and specific absorption coefficient 
paralleled each other. A correlation curve for absorp- 
tion coefficients and intrinsic fluidities based on data 
from several independent trials is shown in Fig. 8. 

There appears to be a linear relationship between k 
and the extent of chain scission incurred by the linters 
during accelerated aging. It is significant that large 
increases in k appear to have occurred only where 
extensive chain cleavage has also occurred. 


The Influence of Atmospheric Oxygen on Reversion 


In order to determine the extent to which atmospheric 
oxygen participated in metal-induced reversion, samples 
of cotton linters were conditioned in an atmosphere of 
nitrogen containing less than 0.1% oxygen and having 
a relative humidity of approximately 23%. Without 
removing the samples from the nitrogen atmosphere, 
they were sealed in aging chambers and aged at 105°C. 
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CHANGE IN THE 
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Fig. 9. Effect of atmospheric oxygen on the change in the 
specific absorption coefficient 
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with other samples conditioned in air at 22:09, RL: 
Changes in ka for both sets of samples are shown in 
Fig. 9. 

Reduction of the oxygen concentration in the aging 
atmosphere from 21% to less than 0.1% reduced the 
extent of reversion only 10% for the control and 16 to 
20% for the metal-containing samples. These results, 
together with consideration of the nature and concen- 
tration of the metal salts added to the linters, suggest 
that reactions.other than oxidation were responsible for 
the major portion of metal-induced brightness rever- 
sion. 


Ultraviolet and Infrared Spectra of Cotton Linters 


If colored organic materials of a particular type were 
a cause of metal-induced reversion, then it is possible 
that they, or intermediates involved in their formation, 
could be identified on the cotton fibers. In an effort 
to make such an identification, samples of cotton linters 
were analyzed spectrophotometrically in the ultraviolet 
and infrared regions of the spectrum. 

Ultraviolet reflectance curves were obtained through 
the courtesy of the Beckman Instrument Co. on the 
Beckman DK-2 recording spectrophotometer. The 
reflectances, R., of thick pads were measured in 
reference to a magnesium carbonate block, and were 
converted into k/s ratios using the Kubelka~-Munk 
equation, k/s = (1 — R.)?/2R.«. For these calcula- 
tions the reflectance of the magnesium carbonate was 
taken as 100%. 

Values of k/s for unaged samples are shown in Fig. 
10 and for aged samples in Fig. 11. Data for wave- 
lengths between 270 and 280 my are not included be- 
cause reflectances below 280 mu were determined 
several weeks later than reflectances above 270 u. 
The two sets of data did not coincide where they over- 
lapped, making the precise location of the k/s curves 
uncertain. All reflectances below 280 » were meas- 
ured at the same time so that there is no uncertainty 
as to the occurrence of maxima in k/s versus wavelength 
plots for aged samples. 

Figures 10 and 11 show that a material absorbing 
selectively at 250-260 » was formed on cotton linters 
during aging, and that larger amounts of this material 
were formed in samples containing iron and copper 
sulfates than in the control or the sample containing 
manganous sulfate. Compounds which exhibit this 
type of absorption spectra (37) and which are derivable 
from cellulose (37, 38) occur among the furan deriva- 
tives. Such derivatives should, therefore, be given 
consideration as possible origins of the absorption 
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maxima in aged cellulose, and as possible intermediates 
in the reactions causing the discoloration of aged cotton 
linters. 

The infrared transmission spectra of finely ground 
cotton linters pressed into potassium bromide pellets 
were measured on a Perkin-Elmer Model 21. recording 
spectrophotometer. The unaged control and a sample 
aged 42 hr. in the presence of copper sulfate were 
analyzed in this way and no differences were noted in 
their spectra. Apparently, the materials causing the 
absorption maxima in the ultraviolet were not present 
in sufficient amounts to be detected in the infrared. 


Hydroxymethylfurfural in Aged Cotton Linters 


Because in the absence of pentosans the most likely 
furan derivative which could be formed from cotton 
linters pulp is hydroxymethylfurfural (HMF), the 
following experiments were performed to see if this 
compound could be identified in aged linters. 

Four-gram portions of aged samples were extracted 
with 90 ml. of water for 4 hr. at room temperature. 
The extracts were filtered, diluted with washings to 100 
ml., neutralized with sodium hydroxide to a pH of 
7.0 to 7.5, concentrated under vacuum at 50-C., and 
spotted together with a known amount of authentic 
HMF on prewashed (with ethyl alcohol) Whatman no. 
1 chromatographic paper. The chromatogram was 
developed for about 18 hr. with butanol saturated with 
2% aq. NHs, dried, and the known HMF spots located 
with color reagents or an ultraviolet lamp. Those 
areas of the paper suspected to contain HMF from the 
extract were cut out and eluted with ethyl alcohol. 
The eluates were diluted to 5 ml. and their ultraviolet 
absorption spectra determined with reference to the 
aleoholic eluate from an equal area of the chromato- 
gram. 

Log absorbance versus wavelength curves for HMF 
eluted from the chromatogram, and for the eluate 
from a sample aged in the presence of ferric sulfate 
are shown in Fig. 12. The curves have been shifted 
to coincide at 281 » in order to compensate for the 
difference in their concentrations. The two curves 
were quite similar in the wavelength range 240 to 310 
p suggesting that the same material was responsible 
for the absorption of both solutions. 

Assuming that HMF was actually responsible for 
these absorption maxima, the concentration of HMI 
in the alcoholic eluates was estimated at 1.2 y per ml. 
for the sample aged in the presence of ferric sulfate, 
and 0.5 y per ml. for an aged control. No maxima 
were noted for eluates from unaged samples. 
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Fig. 12. Ultraviolet absorbance of alcoholic eluates 


Kinetic Considerations 


One interpretation of the foregoing data is that metal- 
induced reversion in cotton linters consists partially 
of hydrolytic degradation of cellulose to low molecular 
weight products and subsequent dehydration of these 
products to highly colored materials. If so, then the 
observed rate of discoloration should be consistent 
with the rate of product formation calculated for two 
consecutive reactions which obey the same rate laws 
as hydrolysis and dehydration of carbohydrates. 

Although a divergence of opinion exists about the 
actual kinetics involved in the heterogeneous hydrolysis 
of cellulose, zero order kinetics are generally believed 
to best describe low levels of degradation (36). 

The kinetics of the dehydration of hexose sugars to 
HMF have not been described; however, the formation 
of furfural from xylose is considered to be a first order 
reaction (37). Moreover, resinification of furfural in 
dilute, aqueous acid is also believed to be a pseudo- 
unimolecular reaction (37). If the reactions of glucose 
and HMF are assumed to be analogous to those of 
xylose and furfural, then the occurrence of first order 
reactions in the second step of the proposed mechanism 
seems quite possible. 

Certainly the reactions proposed to follow hydrolysis 
must occur in several steps and probably involve several 
intermediates; but for an over-all reaction consisting 
of first order reactions, the over-all rate is dependent 
upon the rate of the slowest reaction in the sequence 
(39). For this analysis it was assumed that a single 
first order rate equation could describe the over-all 
rate of the several reactions making up the second step 
of the proposed mechanism. 

For a reaction, 
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Fig. 13. Specific absorption coefficient versus aging time 
and concentration of C versus time 


order kinetics with a rate constant of 7:[moles/(liter- 
hr.)], and B reacts further to form product C according 
to first order kinetics with a rate constant of r2[1/hr.], 
it may be said that 

dy/dt = 7, — roy, and 

dz/dt = rey 
In these equations y is the concentration (moles per 
liter) of B and z the concentration (moles per liter) of 
C at time ¢. Integrating and solving these equations 
for z as a function of time yields the following expres- 
sion: 


z2= 7 (te ~7t/re — 1/re) 


The variation of z as a function of time for assumed 
values of 7; and rz, together with the observed rates of 
reversion for cotton linters with and without added 
metal sulphates are shown in Fig. 13. These results 
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suggest that a hydrolysis-dehydration mechanism of 
reversion is not inconsistent with kinetic considerations. 


INTERPRETATION 


Although discoloration in materials as chemically 
and physically complex as papermaking pulps is un- 
doubtedly the result of many different reactions, the 
accumulated data suggest that, in the case of metal- 
induced reversion in purified cotton linters, color was 
formed as the result of the following sequence of reac- 
tions: 

Sorption of Metal Salts. Cotton linters, suspended 
in a solution containing 1 p.p.m. of a metal salt, sorb 
and retain a portion of the salt during handsheet forma- 
tion. At this low salt concentration, a salt like ferric 
sulphate will hydrolyze (reaction A in Fig. 14), and it 
is probable that basic hydroxides as well as unhydro- 
lyzed salt are sorbed. A consequence of this behavior 
is that handsheets containing ferric sulphate have a 
larger initial absorption coefficient, ko, relative to the 
control, than handsheets containing other metals which 
have a smaller tendency to hydrolyze or which form 
less intensely colored hydroxides than ferric hydroxide. 

Hydrolysis of Sorbed Metal Salts. Raising the tem- 
perature of a salt solution, in most cases, causes the 
hydrolysis constant of the salt to become larger. 
Therefore, heating handsheets that contain metal salts 
and moisture might be expected to cause the sorbed 
salts to hydrolyze further. This type of reaction, re- 
sulting in the formation of additional hydroxide, could 
account for the increment in k formed during the first 
two hours of aging. This interpretation is supported 
by the fact that the color formed during this period is 
readily removed by treatment with dilute acid. 

Depolymerization of Linters. A second phase of 
reversion is initiated when the linters undergo depoly- 
merization, a reaction which is accelerated by the pres- 
ence of iron and copper sulfates. Depolymerization 
may be symptomatic of oxidative, pyrolytic, or hydro- 
lytic degradation. In this investigation, aging was 
conducted below pyrolytic temperatures, and the only 
oxidant (atmospheric oxygen) present in sufficient 
quantities to degrade the linters was removed without 
greatly reducing the extent of reversion. These facts 
suggest that the attack was largely hydrolytic in 
nature. 

For hydrolysis of cellulose some water must be present 
during aging. But if too much moisture is present, 
the small amounts of inorganic catalysts which promote 
depolymerization will become too dilute for optimum 
effect. This concept could account for the maximum 
which the terminal absorption coefficient, ky, exhibits 
at approximately 4.0% moisture. 

Decomposition of Hydrolysis Products. Hydrolysis of 
cellulose (reaction B in Fig. 14) may proceed locally to 
such an extent as to produce low molecular weight frag- 
ments and eventually glucose. But neither the inter- 
mediates nor the glucose are colored substances. Hence, 
it is postulated that glucose, and perhaps other small 
fragments, undergo further reactions which eventually 
produce colored substances. 

Several pathways can be visualized by which glucose 
may react under the conditions of aging to yield colored 
products. Some examples are shown as reactions C 
through Tin Fig. 14. Although little can be said about 
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the relative importance of the pathways, the spectro- 
photometric indication of hydroxymethylfurfural can 
be used as an argument that reactions C and D in Fig. 14 
participate in reversion. 


CONCLUSIONS 


The data and other information presented in this 
report warrant the following conclusions: 

Traces (approximately one microgram-atom of metal 
per gram of pulp) of certain added metal salts affect 
the initial coefficient, ko, of handsheets prepared from 
purified cotton linters. Increases in ky are due almost 
entirely to the retention of inorganic compounds and 
occur only if the salt or its hydrolysis products are 
colored substances. 

During heat-accelerated aging in sealed chambers at 
temperatures between 100 and 107°C., the order in 
which sulfate salts affect the terminal absorption co- 
efficient, ky, 1s 


Fe > Fe > Cu > Al > Control > Cd > La > Mg = Mn 


This order, except for the positions of aluminum and 
magnesium, is consistent with the order of cationic 
acidity as measured by the pH at which precipitation 
of the metal hydroxides begins. 

Although the more pronounced effect of the salts, as 
measured by ky, is to accelerate reversion, at least in 
the case of manganese there is significant inhibition of 
reversion. 


Metal-induced reversion in cotton linters pulp is 
dependent on the amount of moisture present during 
accelerated aging. The terminal absorption coefficient, 
kag, exhibits a maximum, which, for the points actually 
tested occurs at about 4% moisture. This effect is 
most pronounced with iron and copper salts. 

Metal-induced reversion proceeds in two distinct 
phases. The first phase is complete after two hours of 
accelerated aging, and is due largely to the formation of 
inorganic reaction products. The second phase, on 
the other hand, shows no signs of reaching completion 
even after 66 hr. of accelerated aging, and is due largely 
to the formation of organic reaction products. 

In its second phase, metal-induced reversion, as 
measured by the specific absorption coefficient, , 
is in general paralleled by hydrolytic depolymerization 
as measured by the intrinsic fluidity. Since hydrolysis 
of cellulose, even to glucose, results only in colorless 
fragments, the latter must undergo further reactions be- 
fore the observed increases ink can occur. The possible 
presence of hydroxymethylfurfural may be a clue to 
the nature of the reactions leading from glucose, etc., to 
the organic pigments. 

Kinetically, the seqtience of reactions comprising 
this second phase of metal-induced reversion may be 
described by an equation calculated for two consecutive 
reactions, of which the first is a zero order reaction, 
applicable to the hydrolysis of cellulose, and the second 
a slower first order reaction, applicable to the dehy dra- 
tion and condensation of the hydrolysis products. 
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Rheological Properties of Suspensions and Polymeric 
Solutions 


A. B. METZNER 


This paper is divided into two sections. The first, a short 
descriptive portion, considers the properties of all known 
real fluids briefly and the relative position of coating stocks 
within this general spectrum of fluid behavior. The sec- 
ond and major portion of the paper discusses in detail the 
types of behavior exhibited by materials such as coating 
stocks. The measurement, interpretation, and use in 
design of these physical properties are discussed. Experi- 
mental data on both suspensions and polymeric materials 
are presented. 


NOMENCLATURE 


(Note: Units given are the usual engineering ones 
but any other consistent set may be used.) 


D, Di, Do = diameter, ft. (Di; and D, refer to bob and cup 
diameters of rotational viscometers) 

shear rate, sec. 

differential operator, dimensionless 

dimensionless conversion factor, 32.2 (ft.) 
(1b.a)/(sec.?)(1b.7) 

= fluid consistency index (lb.7)(sec.)"/(ft.?), as 
defined by the equation sr = K (du/dr)" 

fluid consistency index (lb.r)(sec.)”’/(ft.?), as 
defined by the equation for laminar flow in a 
round tube: ty = DAP/4L = K'(8V/D)”’ 

instrument constants (see ref. (15), for example) 

length, ft. 

rotational speed, r.p.m. or r.p.s. 

flow behavior indexes which characterize the 
degree or extent of non-Newtonian behavior 
of category I fluids, dimensionless. They 
are defined by the same equations used to 
define K and K’, respectively. For the 
special case of Newtonian behavior, n = n’ 
= 1.00 

e dn t)/d(in N), dimensionless 

pressure drop through a tube of length L, 
lb.7/ft.? 

cone diameter, ft. 

linear or radial distance, ft. 

D,./D;, dimensionless 

torque, ft.-lb.7 

average or bulk velocity of fluid flowing through 
a tube, ft./sec. 

angle between cone and plate, radians 

strain or fractional deformation AL/L of a 
body, dimensionless 

denotes a difference or change in the following 
physical quantity, dimensionless. For exam- 
ple, AP denotes a pressure difference or 
pressure drop 

time of shear, sec. or hr. 

Viscosity of a Newtonian fluid, lb.1/(sec.)(ft.). 
For other fluids, simply the ratio of shearing 
stress to shear rate at any chosen value of the 
stress 

shear stress, lb.7/ft.? 

poly value of 7 evaluated at the wall of a round 
tube 

unspecified functional relationships 
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PERSPECTIVE: IMPORTANCE AND COMPARATIVE 
POSITION OF VARIOUS TYPES OF FLUID BEHAVIOR 


TueE fluids in Table I have been grouped ac- 
cording to their flow characteristics, a subdivision 
which emphasizes the differences between the physical 
properties of various real materials and therefore the 
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differences between theoretical analyses directed to- 
ward solution of problems in fluid mechanics, such as 
those encountered in paper coating. The equation 
describing a Newtonian fluid 


r = p/ge(du/dr) (1) 


contains only one fluid physical property, the fluid 
viscosity ». Knowledge of the variation of viscosity 
with temperature (and, in a few cases, with pressure) 
therefore serves to define the laminar flow behavior of 
the fluid completely.* Since the other fluid systems of 
Table I are more complex, more than one physical 
property is needed to describe their flow behavior com- 
pletely. 


Table I. Types of Fluid Behavior 


Category I 
Fluids for which shear rate depends only on the imposed shear- 
ing stress: 
(a) Newtonian: du/dr = (*) T 
yw 


or 
tT = p/ge (du/dr) (1) 


(b) Non-Newtonian: One example is that of fluids which 
obey the so-called ‘‘Power-law’’: 


t = K (du/dr)" (2) 
Category II 


Non-Newtonian for which shear rate depends on imposed stress, 
and in addition, upon the duration of the stress: 


du/dr = ¢ (7, 6) 
Category III 


_ Non-Newtonian fluids for which shear rate depends on the 
imposed stress and the extent of deformation (strain): 


du/dr = g (1, y) 
Category IV 


_ Fluids for which shear rate depends on shear stress and inten- 
sity of an imposed magnetic field. 


Category V 


Fluids which must be considered as being made up of discrete 
particles rather than as continuous media. 


The simplest type of non-Newtonian behavior (cate- 
gory Ib), in which complications due to time of shear 
and strain are absent, appears to be common to most 
slurries or suspensions of solids in liquids. In addition, 
a number of polymeric materials and their solutions 
approximate this behavior. Fluids which have been 
described variously as plastics, Bingham plastics, pseu- 
doplastics, dilatant materials (23) and as “generalized 
Newtonians and non-Newtonians” (14, 38) all fall 
into this category. 

* Under turbulent conditions the fluid density is also of importance but 


the viscosity is the only molecular flow property of significance even in this 
case. 
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The second category of fluid behavior tabulated in 
Table I requires the modification of shear stress-shear 
rate relationships, such as equation (2), to include the 
additional variable of time of shear. This category 
includes the so-called thixotropic and _ rheopectic 
fluids (23). While thixotropic behavior is of con- 
siderable commercial importance (especially in the 
paint industry) from the viewpoint of imparting 
desirable physical properties to a product, no engi- 
neering studies of long-range merit appear to be avail- 
able on either thixotropic or rheopectic systems. A 
primary reason for this delay lies in the relative unim- 
portance of such studies from an industrial processing 
viewpoint: equipment usually must be designed to 
accommodate the extremes of the fluid physical prop- 
erties, which are in this case encountered at either 
zero or infinitet times of shear. Under both of these 
limiting conditions, thixotropic and rheopectic materials 
degenerate into fluids of category I and equipment de- 
sign offers no additional difficulties over those encoun- 
tered with the non-Newtonian fluids of category I. 
Complications due to the properties of category Il 
are of importance in a number of other instances, how- 
ever. For example, in the inlet region to a tube (which, 
in the case of a short-tube heat exchanger may include 
the entire tube!) the rates of disappearance of the ab- 
normal pressure gradients and velocity profiles may 
be appreciably different for fluids of category I than 
for those of category II. Problems such as this— 
involving peculiarities in equipment geometry rather 
than constant flow conditions—have only been sparsely 
studied for fluids of category I (2, 6, 10, 13, 21, 46) 
hence the time for studying such complications with 
category II fluids is hardly at hand as yet. As engi- 
neering design procedures for non-Newtonian systems 
become more erudite, studies of fluids of category WU 
will take on more importance as many of the real ma- 
terials presently grouped into category I possess thix- 
otropy to a mild degree. This statement seems to 
emphasize a point of view expressed by Reiner (37): 
as new studies extend into hitherto unreached experi- 
mental conditions it may be expected that many fluids 
which now are believed to be very simple in behavior 
may prove to be much more complex. 

Of much greater immediate importance are fluids of 
category III, commonly termed ‘‘viscoelastic.”” Most 
polymers and their solutions possess some viscoelastic- 
ity, many of them to a very marked degree. While the 
pioneering studies of Weissenberg in particular (44) 
in this area are quite well known, only recently have 
extensive rheological studies of viscoelasticity become 
available (8, 12, 16, 17, 29, 31, 32, 34, 87, 40). 

Fluids of categories IV and V will not be discussed in 
the present paper—they are included in Table I 
primarily to present the correct over-all perspective. 
However, the qualitative similarities between problems 
in magnetohydrodynamics and in non-Newtonian 
fluid mechanics are astounding: the flattening of the 
laminary velocity profiles of electrically conducting 
fluids exposed to transverse magnetic fields is directly 
analogous to the flattening obtained as one increases 
the degree of non-Newtonian behavior (i.e., aS one 


decreases, n, the flow behavior index, of equation (2)). ° 


+ ‘Infinite’ times of shear are meant to designate times sufficiently long 
to produce shear stress-shear rate relationships which do not vary with 
any further increases in time of shear. 
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BV/D, SEC. 
Fig. 1. Flow curves of Attasol clay suspensions (from 
ref. (9)) 


Similarly, the delays in onset of turbulence obtained 
in magnetohydrodynamics (7) have a direct counter- 
part in non-Newtonian systems (10). 

In summary, the important properties of most paper- 
coating materials may be expected to fall into cate- 
gories I and III of Table I: in suspensions (as of clays, 
starches, and pigments), latices, and some emulsions 
viscoelastic effects are usually absent and compli- 
cations due to category II behavior may frequently be 
neglected. Therefore, category I behavior is indicated. 
On the other hand, in most polymer solutions (in- 
cluding CMC slips and glues) and polymeric melts 
viscoelasticity is a primary characteristic and compli- 
cations due to category III behavior must be considered. 


MEASUREMENT AND INTERPRETATION OF FLUID 
PROPERTIES 


Category I Behavior 


Measurement of Fluid Properties. Typical flow 
curves for category I fluids are shown in Fig. 1 and 2. 
These relationships may be obtained using several dis- 
tinct types of viscometric equipment (21). Only the 
two most usual units will be described here. 
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Fig. 2. Flow curves of TiO, suspensions (from ref. (24)) 
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(a) Capillary tube viscometers, such as the Severs 
rheometer (4), represent perhaps the most versatile 
viscometric equipment available. In these instru- 
ments, one simply measures the pressure drop and flow- 
rate relationships of the fluid passing through a round 
tube under laminary flow conditions. The shear stress 
at the tube wall, 7», may, by means of a force balance 
on the tube, shown to be equal to 


ty = —— (3) 
Similarly, the shear rate at the tube wall has been shown 


(23, 25, 36) to be equal to 


3n' + 1 8V 


(du/dr)w = An’ D (4) 


for all category I fluids. The only experimental com- 
plication lies with the determination of the pressure 
drop, AP, over tube length Z. Normally one measures 
the pressure loss over a tube of length Z and an inlet 
region to the tube. Such a gross pressure loss must be 
corrected for the pressure loss required in overcoming 
entrance effects, incuding the kinetic energy imparted 
to the fluid. For fluids having flow-behavior indexes 
(n or n’) of unity or less, these entrance effects can usu- 
ally be taken equal to 1.14pV?/g, (9). However, for 
very concentrated suspensions which frequently exhibit 
dilatancy, the actual entrance pressure losses are some- 
times much larger than this figure, presumably due to 
partial blockages at the entrance to the tube. For 
example, Riggs (39) found entrance losses for concen- 
trated starch pastes equivalent to straight tube lengths 
of as much as 460 diameters. In such instances the 
corrected AP required in equation (3) can be obtained 
only by use of very great tube lengths (such that an 
entrance L/D of even 460 is negligible) or by making 
measurements in a series of tubes, with various L/D 
ratios, and determining the entrance pressure loss by 
cross-plotting the total AP versus L/D, for constant 
values of 8V/D (1, 5, 89). 

The development leading to equation (4) presupposed 
the absence of “slippage” effects at the tube wall. Such 
fluid slippage has been observed to occur when the con- 
tinuous phase separates from the particles of the sus- 
pension to provide a thin film of low viscosity im- 
mediately adjacent to the tube wall. Most of the shear 
then occurs in this low-viscosity region and the re- 
mainder of the suspension moves as a nearly solid plug 
through the core of the tube. Such slippage is es- 
pecially prevalent when the particles of the suspension 
are relatively large in size in comparison to the tube 
diameter, as in the flow of paper pulp suspensions (8). 
Rigorous corrections for slippage effects in tubes are 
available (25, 27), but will not be discussed in detail 
since the problem is not frequently encountered with 
fluids of interest here. 

In conclusion, it is seen that rigorous corrections are 
available which permit calculation of the true shear 
stress-shear rate relationships from tube-flow measure- 
ments. In view of the rigorous nature of the methods 
used to interpret data, and of the wide ranges of shear 
stress and shear rate which may be covered by simply 
varying the length and diameter of the tubes used (of 
equations (3) and (4)), it is evident that capillary tube 
viscometers represent an extremely powerful measure- 
ment technique. Thus, thousand-fold ranges of shear 
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rate are readily covered and ranges of 10° are quite pos- 
sible, if required. The chief disadvantage of these vis- 
cometers is that the measurements are quite time-con- 
suming—as much as a day may be required to obtain a 
single flow curve if all the corrections discussed above 
are necessary. 

(b) Rotational viscometers, such as the commercial 
Brookfield or the Ferranti-Shirley rotational and cone- 
and-plate viscometers may also be used to provide the 
data necessary: to calculate true flow curves. In this 
case, the torque versus rotational speed measurements 
are reduced to the flow curve parameters by the relation- 
ships (15, 23) for bob-and-cup (concentric cylinders) 
instruments: 


2t 


SD ©) 


or 


Equation (6) gives the correct shear rate only if s 
is equal to 1.2 or less, otherwise more terms in the in- 
finite series solution must be retained. For the other 
limiting case (s ~ ~), the solution reduces to equation 
(A) 

The corresponding equations for cone-and-plate 
instruments are (19, 21, 35): 


3t 


5, 27k? (8) 
and 
9.-N 
du/dr = oan (9) 


The end-effect problem is absent in cone-and-plate 
viscometers, hence no corrections are required. While 
the same may be true of well-designed concentric 
cylinder viscometers (20, 26) most units which are com- 
mercially available do not have this feature. The 
usual procedure is to determine a “corrected”? length 
of the bob in equation (5) using a Newtonian fluid of 
known viscosity, and to assume that this correct length 
will be the same in non-Newtonian fluid systems. 
While no theoretical basis may be claimed for this 
procedure, acceptable results are obtained (28). 

The problem of slip in concentric cylinder viscometers 
has been treated by Mooney (25) and Oldroyd (27). 
In cone-and-plate viscometers the presence of slip 
would probably cause the fluid sample being sheared 
to be thrown out of the instrument, hence experimental 
data can probably not be obtained in this type of in- 
strument when appreciable slip is present—at least 
not without introducing end effects through the addition 
of retaining rings. Additionally, interpretation of the 
data could not be made since the shear rate would now 


. become an unknown function of radial position within 


the fluid sample (27). 
The primary advantage or rotational viscometers over 
capillary tubes lies in the ease and rapidity with which 
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data may be obtained: an entire flow curve may be 
- traced out in as little as a few minutes. The disad- 
vantages are largely due to the particular designs 
used in commercial units, rather than due to the in- 
herent limitations of the general type of equipment. 
Thus, for example, the power available in most instru- 
ments is insufficient to enable measurements at very 
high shear rates in highly viscous systems. Further, 
the maximum’ shear rates obtainable in any unit 
presently available commercially are about 20,000 
sec.—!, Several units are operative only in uninterest- 
ingly low regions of shear rate or over very limited 
ranges. Slurries and dilute solutions tend to be thrown 
out of the gap formed between a cone-and-plate, by 
centrifugal force, at fairly low shear rates. The prob- 
lem of heat generation due to viscous shear is inherently 
more serious in rotational viscometers than in capillary 
tubes since the bulk flow in the latter units serves to 
carry out much of the heat as it is generated. While 
proper design may minimize the problem in rotational 
instruments, such design features have not frequently 
been carefully considered. Most important of all, a 
large variety of commercial rotational units are avail- 
able in which the idealized geometry assumed in de- 
veloping equations (5) to (9) is not employed—hence 
satisfactory interpretation of the results is theoretically 
as well as practically impossible. 

In conclusion it is seen that a well-designed rotational 
viscometer has important advantages over capillary 
tubes in the ease with which data may be obtained. 
However, the ranges over which useful data may 
be obtained, with available instruments, 1s more 
limited. Further, poor design prohibits the use of 
many instruments for any scientific purpose what- 
ever. 

Interpretation of Fluid Properties. In Fig. 1 the 
shear stress is plotted versus 8V/D, as directly obtained 
from experimental data. This term can be readily 
converted into shear rate by means of equation (4), 
since n’ is equal to the slope of the curves of hie. | 
at any chosen value of 8V/D. Prior studies (28) have 
shown that data such as these agree extremely well 
with measurements from a rotational viscometer, as 
of course, they should. 

The data for clay slurries shown in Fig. 1 exhibit 
the gentle curvature common at high shear rates: 
as the non-Newtonian (low slope) portion of the flow 
curve approaches that of the suspending medium 
(water), which, of course, it cannot cross, the flow curve 
bends upward. That is to say, at sufficiently high 
shear rates slurries again approach Newtonian behavior, 
with a viscosity only slightly greater than that of the 
suspending medium. 

The ‘“‘power law’ equations frequently used to cor- 
relate rheological data, viz. 


7 = K"(8V/D)"' (10) 


or 
+ = K(du/dr)" (11) 


may be applied rigorously to any straight-line portion 
of these curves. The controlling question which 
always arises is whether or not these straight-line 
regions are sufficiently broad to enable use of either 
equation (10) or (11) over appreciable ranges of 8V/D or 
shear rate. Inspection of the curves reveals that power 
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law behavior is obeyed over at least one decade of shear 
rates. This is sufficient for almost all practical prob- 
lems provided one estimates correctly the approximate 
range in which one is operating. For example, in a 
knife coater the shear rate is simply given by the linear 
velocity of the paper or fabric surface divided by the 
clearance. Roll coaters (calenders) have been treated 
by Marshall (18). 

Figure 2 shows data on another pigment which is 
perhaps of greater interest to the paper industry. In 
this case, the shear stress-shear rate curves are also 
concave upwards but, instead of approaching a slope 
of unity at the highest shear rates, the slope increases 
more or less indefinitely. Such dzlatant behavior (for 
which n and n’ are greater than unity) is commonly 
observed in many concentrated suspensions (24) (the 
47% volume per cent slurry corresponds to 79% by 
weight). Similar data, for vinyl resin plastisols, are 
also given by Severs (41) and Otto (28). 

Two extremely important characteristics of these sus- 
pensions must be noted: 

1. Beyond the shear rate (coating speed) at which 
dilatancy first occurs the shear stress may increase 
exponentially with further increases in shear rate. In 
the case of the 47 volume per cent curve of Fig. 2 this 
means that coating speeds leading to shear rates above 
100 sec.~—! are virtually impossible to use: stresses which 
could rupture the stock being coated may readily be 
developed at higher shear rates. 

2. Atshear stresses only a few fold higher than those 
at which dilatancy of the flow curve first appears but 
which have not yet been characterized more precisely 
except for two systems (24, 41) the fluid “ruptures.”’ 
In other words, a rough, irregular surface—with 
coating torn away from the surface completely in ex- 
treme cases—may be produced. 

For both of these reasons careful rheological data are 
required for new systems which may exhibit dilatancy 
under coating conditions. It is also seen that extra- 
polation of the flow properties, using equations (10) 
or (11), may be greatly misleading in these systems. 
However, careful determination of rheological proper- 
ties and calculation of the shear rates to be encountered 
in the plant can predict accurately beforehand the dif- 
ficulties which may be encountered and how to correct 
for them. 

Before concluding this discussion of category I be- 
havior the use of single-point viscosity determinations 
may be briefly considered. The 27.2% solids curve 
on Fig. 2 exhibits approximately the same shear stress 
at a shear rate of 1000 sec.~! as does the 11.8% solids 
curve of Fig. 1. Thus, the conclusion which would be 
reached from a single measurement of viscosity (shear 
stress-- shear rate) at this shear rate is that both fluids 
are identical in flow behavior. Comparison of the full 
curves shows how ridiculously incorrect such a con- 
clusion would be. The clay suspension of Fig. 1 
could be coated at many times this speed with only 
modest increases in the stress exerted on the paper or 
fabric being coated. By comparison, the fluid of Fig. 2 
has already begun to show signs of fracturing at 1000 
sec.-!, This would undoubtedly prevent any signifi- 
cant increases in coating speed, and may even require 
decreases, if an acceptable product is to result. Never- 
theless, even manufacturers of coating stocks frequently 
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Fig. 3. Flow curves of carboxymethylcellulose dispersions 


(from ref. (9)) 


still list ‘fone point’’ determinations of the flow prop- 
erties, presumably under the erroneous impression 
that such data may be useful. 


Category III Behavior 


In this case, two sets of material properties must 
be determined as both influence the use of fluids which 
fall into this category. These properties are: (a) 
the shear stress-shear rate behavior; (b) the fluid elas- 
ticity. 

The shear stress-shear rate behavior of viscoelastic 
systems undergoing steady shear poses no unusual 
problems in either measurement or interpretation. 
Typical results are shown in Figs. 3 and 4. Both sets 
of data are generally similar to the data of Fig. 1 
for clay suspensions and the simple power laws (equa- 
tions (10) and (11)) are obeyed over fairly broad 
ranges of shear rate. 

However, Figs. 3 and 4 represent an incomplete 
description of the properties of viscoelastic systems. 
In particular, fluid elasticity is responsible for the 
“stringiness” of polymer solutions and glues, for the 
well-known ‘“Weissenberg”’ effect observed during 
mixing, for example, and for elastic recovery or ‘““mem- 
ory.” Thus, the fluid emerging from a coater or is- 
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SHEAR RATE,sec”! 


Fig. 4. Flow curves of a polymer melt and of polymer 

solutions. Uppercurve: polymer melt at 125° C. Lower 

curves: polymer solutions (0, 3, and 9% polymer) at 25°C. 

Data of Brodnyan, Gaskins, and Philippoff (3) and of 
Philippoff and Gaskins (33) 
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Fig.5. Comparison of the shearing and normal stresses in 
polyisobutylene solutions (abridged from reference (3)) 


suing from a tube shows an expansion across the direc- 
tion of shear, and a corresponding longitudinal con- 
traction. Obviously, product quality may be pro- 
nouncedly influenced if this stress relaxation is not 
permitted. Furthermore, “rupture” (4, 22, 42, 43, 44) 
of the fluid may occur if it is stressed too greatly or too 
suddenly. 

Fluid elasticity may be measured by means of the 
normal stresses which it induces. The data of Philip- 
poff and co-workers (3), given in Fig. 5, show that in 
highly elastic solutions these normal stresses may even 
exceed the shearing stresses in absolute magnitude. 

Measurement of an ‘elastic modulus” to character- 
ize fluid elasticity has been reported by use of normal 
stress measurements in cone-and-plate viscometers 
(3, 17) and by means of flow birefringence (3). Both 
experimental techniques are, while well developed, quite 
dificult to carry out. More recently, Gaskins and 
Philippoff (717) have suggested measurement of the 
“entrance effect’? or pressure loss at the beginning of a 
tube as a means of characterizing fluid elasticity, as 
well as the jet trajectory or “bulge” of the fluid emerg- 
ing from a tube. The former depends on the fact 
that the fluid must undergo elastic distortion as it flows 
into a tube, hence the excess pressure loss in an entrance 
region reflects the fluid elasticity as well as its vis- 
cosity. Similarly, the bulging of a jet issuing from 
a tube is a measure of the fluid elasticity. The appro- 
priate momentum balance derivations relating fluid 
elasticity to such experimental measurements have 
been carried out (30) but no published experimental 
verification appears to exist at the time of this writing. 


SUMMARY 


This paper describes in detail the measurement and 
interpretation of non-Newtonian fluid properties. 
The relationships between these properties and coating 
conditions are briefly discussed. It is seen that cate- 
gory I behavior may be readily measured and the re- 
sults of these measurements closely related to paper 
coating conditions. While category III behavior 
(viscoelasticity) is similarly closely related to choice of 
proper coating conditions for these fluids, the relation- 
ships are only known qualitatively at the present time. 
Much further work remains to be done in this latter 
area. 
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An Operations Research Approach to the Economic 
Optimization of a Kraft Pulping Process 


CHARLES W. CARROLL 


One name given to a systematic approach to broad indus- 
trial problems is ‘‘Operations Research.”? Operations Re- 
search usually involves setting up a mathematical model 
which simulates the operating interrelationships of a given 
process or system. By appropriate manipulation of the 
variables in the model (counterparts of the system’s con- 
trollable operating variables), the conditions for maximiz- 
ing the profitability of the system can be determined. 
This article is based on a thesis (1) which describes an 
Operations Research approach to the maximization of 
net dollar return from the operation of a hypothetical but 
realistic kraft pulping process. The system includes the 
interrelated digester and recovery cycle operations and the 
associated revenues and costs involved in the manufacture 
of an unbleached grade of spruce kraft pulp. In order to 
represent the entire process by a mathematical model, it 
was necessary to develop and experimentally verify a suit- 
able rate expression interrelating all the important kraft 
cooking variables. This expression, and extensive ma- 
terial, energy, and economic balances taken throughout 
the system, allowed the net dolar return (revenues minus 
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costs) to be expressed as a function of the system’s con- 
trollable operating variables. This expression for net re- 
turn, and similar mathematical expressions representing 
certain realistic restrictions which cannot be violated, 
comprise the mathematical model of the system. The 
object of the economic balance is to determine the values 
of the controllable operating variables which maximize 
the net return, subject to nonyiolation of the restraints 
considered. The mathematical model, besides having 
restraints, is nonlinear. This is representative of a very 
general and industrially important situation. A new ap- 
proach to the solution (optimization) of this type of 
model was devised. A computer program was developed 
and successfully utilized for the desired optimization. 


Exprcration of profit is the economic driving 
force motivating business activity im a free-enterprise 
economy. An increase in this profit for a given organ- 


CuHARLES W. Carron, Graduate Student, The Institute of Paper Chemistry, 
Appleton, Wis.; present address, Scott Paper Co., Chester, Pa. Work per- 
formed at The Institute of Paper Chemistry. 


305 


ization can be accomplished by discovering and fol- 
lowing any of a number of courses of improved action. 
Operations Research* provides a scientific approach to 
the selection of those courses of action best fulfilling a 
particular objective set forth by management. Often 
this objective involves more efficient production, and, 
consequently, much effort has been spent on ways to 
decrease production costs by seeking “‘best’’ or “op- 
timum”’ operating conditions. 

The techniques now used for handling some of the 
more complicated Operations Research problems have 
been only recently applied in industry. The history of 
the development and use of some of these techniques 
can be found in references (3) and (4). Briefly, during 
World War II, large numbers of scientists and engineers 
from industry were hired by the Allied governments to 
help solve certain complex military problems. Upon 
conclusion of the war, these individuals returned to 
industry and carried with them their wartime experience. 
They found industrial problems to be well suited to the 
approach developed during the war. In this way, what 
had become known as ‘‘Operations Research” (O.R.) 
in military parlance was translated to peacetime 
industrial activities. Further developments in the 
business environment were especially rapid. 


Today, most O.R. problems involve the mathemati- 
cal description of complex industrial situations such 
that, by appropriate solution of the mathematical 
model, management can be given quantitative informa- 
tion helpful in making better operating decisions. 
In this way, O.R. helps executives to fully concentrate 
their abilities on inherently intuitive problem areas 
demanding, primarily, so-called ‘business know-how.” 

The spirit of O.R. is not new. It is, for instance, 
very familiar to the industrial and chemical engineer 
through classical problems such as the Economic Lot 
Size. What is new in O.R. is the development of a 
systematic and confident approach to complex in- 
dustrial problems, often using characteristic mathe- 
matical techniques and employing electronic computers 
for solution. 


THE OPERATIONS RESEARCH APPROACH 


The steps of the O.R. approach to an industrial 
problem may be considered as follows (2, 3): 

1. Define the problem. Why is there dissatis- 
faction with the present operations and what alterna- 
tive courses of action appear to hold most promise cf 
being effective solutions to the problem, relative to a 
set of pertinent objectives? 

2. Determine a suitable ‘measure of effectiveness” 
(often called the “objective’) to be optimized. This 
nearly always involves the dollar-sign. Usually, over- 
all company profits or net dollar return from some 
suboperation is to be maximized, or certain costs 
minimized. Thus, most O.R. optimizations are eco- 
nomic optimzations. 

3. Elaborate a model to represent the system whose 
optimization is desired. A model may be defined as a 
device, physical or symbolic, “which behaves in a 
manner similar enough to some other system so that 
useful knowledge about the system may be gained from 


* A general introduction to Operations Research can be found in (2, 3, 4). 
Operations Research in the pulp and paper industry is discussed in (4, 6). 
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a study of the model’(7). Models are almost always 
necessary in industrial work since experimentation with 
full-sized industrial equipment disrupts production and 
is very costly in money and time. [However, see the 
discussion of “Evolutionary Operation” in, e.g. (8, 9).] 
And sometimes industrial equipment is only contem- 
plated in design or as replacements. 

Usually, the most desirable model is the mathe- 
matical model, which employs mathematical statements 
to represent the system and enables responses to be 
calculated rather than measured. The measure of 
effectiveness is expressed as a function of a set of 
variables at least one of which is subject to control. 
(The variables involved are often functionally inter- 
related so that they behave similarly to the active 
variables in the realistic system simulated.) As the 
variables are manipulated, their effectiveness in opti- 
mizing the objective is changed. Thus, the expression 
giving the effectiveness (#) of a set of levels for the 
independent, controllable variables Y1, Y2,... may 
be written 


E = E(Y1, Y2,...) 


Often there are restrictions imposed on the values of 
the independent variables, or functional restraints 
involving these variables, and such restraints are 
expressed by supplementary equations and/or in 
equations. 

However, it may happen that operating, theoretical, 
or empirical information is not available for setting up 
the entire mathematical model. In this case, an ex- 
perimental program using laboratory equipment to 
simulate the appropriate industrial processes and to 
allow for the determination of the desirable, supple- 
mentary operating information is often necessary. 

4. Solve the problem: determine the values of the 
independent (controllable) variables which optimize the 
objective (i.e., maximize the effectiveness of the system) 
subject to any restraints imposed on the system (equip- 
ment limitations, rigid management policy, operating 
limitations, minimum quality characteristics, market 
restrictions, legal limitations, etc.). Standard O.R. 
techniques are available for solving certain types of 
recurring problems, and it is desirable if the problem 
can be so typed [see references (2) and (4)]. Often, 
however, a combination of these techniques must be 
employed or other techniques devised. 

The remaining steps in the O.R. approach can be 
accomplished only on the industrial scene. They are: 

5. Test the model and calculated solution obtained 
from it. If adjustment is indicated, readjust the model, 
determine a new solution, and check again. <A care- 
fully chosen initial model may eliminate difficulties 


| here. 


6. Establish controls. The lack of effective control 
over certain variables might seriously invalidate the 
appropriateness of the original model. The need for a 
change in the original controllable variables: to offset 
changes in uncontrollable variables must be recognized 
and a new optimum solution found. Automatic 
control systems actuated by electronic ‘‘optimizers” 
are destined to play an even more important part in 
future industrial operations [see (/)]. 


7. Implement the suggested solution through appro- 
priate organizational channels, and establish a set of 
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operating procedures so that those concerned with 
control of the operation can attain the optimum as 
easily as possible. 


In carrying out the O.R. approach in industry, it 
has become customary to employ the “team approach,” 
because the experiences and ideas of such a group 
having diversified professional backgrounds generally 
make it easier to set up and solve problems. 


Finally, O.R. is importantly characterized by the 
“systems concept”: that is, an attempt to study all 
the interdependent activities and variables related to the 
problem at hand, all the way through and even outside of 
the organization. In actual fact, though, virtually every 
“optimization” in O.R. is really a suboptimization— 
that is, an optimization of some part less than the whole 
[see reference (4)]. Usually the suboptimum answer 
is different from that determined in the ideal, over-all 
optimum because all the factors have not been con- 
sidered. Often, though, a system is naturally divided 
into parts which are independent or almost so, or the 
system is so complicated that even a suboptimization 
is an achievement. 


OPTIMIZATION IN THE PULP AND PAPER INDUSTRY 


There are relatively few optimization studies of any 
kind reported in the technical literature. Several 
companies in the pulp and paper industry have active 
O.R. groups which have solved a number of important 
problems. The details of these studies are not generally 
available. However, two examples of the application 
of “linear programming” to special situations in the 
pulp and paper industry have been published (70, 11). 

One area in the pulp and paper industry in which 
Operations Research can be of considerable importance 
ispulping. The classical pulping studies are, in general, 
aimed at discovering the interrelationships among 
cooking variables, pulp yields, and quality character- 
istics, dissociated from the “systems concept” and 
quantitative economic considerations. Thus, the “‘op- 
timum’” conditions one finds discussed in the pulping 
literature are clearly not (nor do the authors imply 
them to be) the result of economic optimizations. 


OPTIMIZATION OF THE KRAFT PULPING PROCESS 


The kraft pulping and recovery cycle operations 
comprise a reasonably isolated, yet complex, subsystem 
of an integrated papermaking process. Figure 1 
indicates this relationship. This paper considers an 
Operations Research approach to the economic op- 
timization of a hypothetical, but realistic, kraft pulping 
process. * 


The Hypothetical Kraft Pulping System 


The hypothetical system considered is shown in 
simplified form in Fig. 2. It consists of the inter- 
related digester and recovery cycle operations for a 
kraft mill producing, under certain realistic conditions, 
a fixed daily amount of unbleached spruce pulp. In- 
volved also are certain typical revenues and variable 
costs, and a number of realistic restraints. [The 
details of this system are developed in (1 ).] 

* The completed study itself (as opposed to the O.R. approach presented 
above) is, perhaps, more closely allied to so-called Systems Engineering than 
Operations Research. This is because the system involved deals _pre- 
dominantly with technical operations rather than the more intangible busi- 


ness considerations often characterizing Operations Research. See reference 
(12). 
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Fig. 1. An integrated papermaking process 


It should be noted in Fig. 2 that a design cost (capital 
recovery plus interest for the evaporators) is included 
and is considered as a variable cost. Similarly, the 
restraint, R7, setting a limit to the amount of capital 
available for purchasing evaporators, is a realistic 
restraint important in conjunction with decisions con- 
cerning the size (design) of a mill. These design con- 
siderations were included to indicate that one approach 
to optimum design (and replacement, as well) can be 
exactly the same as that used to determine optimum 
operating conditions. 

Because of this mixed cost situation, and because of 
the somewhat arbitrary way in which revenues, costs, 
and some restraints were selected, any mathematical 
model developed for the hypothetical pulping system is 
highly specific. This, of course, in no way detracts 
from a demonstration of the general utility of the 
Operations Research approach. Nor does it detract 
from any concepts developed in formulating and 
optimizing the model. 

The “measure of effectiveness” for the hypothetical 
pulping system was chosen to be net dollar return. 
This is, simply: revenues minus variable costs for the 
process considered. 


THE ECONOMIC OPTIMIZATION OF THE 
HYPOTHETICAL KRAFT PULPING PROCESS 


Development of the Model 


It is generally desirable in optimization problems to 
represent the entire model in mathematical terms 
prior to optimization. This avoids experimentation 
involving sequential analysis of intermediate results 
during the optimization, and the consequent develop- 
ment of only the currently needed portions of the model. 
With complete prior quantification, the optimization 
actually can be accomplished more easily, and the 
mode! developed will have general utility in circum- 
stances where certain portions of the system change 
because of temporary operating disruptions, cost and 
equipment changes, etc. Furthermore, such a model 
(in contrast to the very limited one developed in a 
sequential analysis) can often be almost directly in- 
corporated as the framework of a more complete model 
of the same system, or as a complete portion of a more 
extensive model of an expanded system. 


Need for and Development of a Pulping Rate Expression 


Initially, in this study, preliminary material and 
energy balances indicated that all activities in the 
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Fig. 2. Simplified flow diagram of hypothetical kraft pulping system 


hypothetical pulping process, except the digester opera- 
tion, were at least potentially capable of being quantified. 
As will be seen later, for complete prior quantification 
it is necessary to have an integrable rate expression 
interrelating all the important kraft cooking vari- 
ables. 

An investigation of the literature revealed the 
lack of any generally useful rate equation. However, 
there seemed to be evidence encouraging belief in 
the existence of such expressions and hinting at how 
one might be derived. 

Consequently, an investigation was undertaken 
wherein a rate expression appropriate for the economic 
optimization was developed and experimentally veri- 
fied. This expression (to within +0.3%) relates the 
total time of a cook (¢,) to initial digester temperature 
(To), time-up-to-temperature (¢,), maximum, tempera- 
ture (T,,), sulfidity (S), initial concentration (c;), 
chemical-to-wood ratio (c¢,), permanganate number 
(K no.), and pulp yield (Y). (The symbols for the 
variables are given here to allow the interpretation of 
“Cooking Conditions” in Fig. 3. The significance of 
this figure will be discussed in the next section.) 
This particular phase of the work is described in (1) 
and will be the subject of another paper to be presented 
in the near future. 


Formulation of the Mathematical Model from 
Engineering Balances 


As a result of heaving a rate expression interrelating 
the important kraft cooking variables and thereby 
quantitatively describing the digester operation, the 
entire hypothetical pulping process could be quantified 
and its mathematical model developed. To do this, 
it was necessary to take material, energy, and economic 
balances over the whole system. These engineering 
balances were based on suitable assumptions and 
appropriate performance characteristics of the equip- 
ment, and for the operations involved. Thus, in 
addition to the pulping rate expression which describes 
the cooking operation, dilution curves for washing, 
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steam economies in evaporation, the performance of the 
recovery furnace and steam turbines, causticizing 
efficiency in the causticizing operation, and quantitative 
expressions for the associated costs and revenues were 
all important factors in the formulation of a compre- 
hensive mathematical model. 


A detailed description of the hypothetical pulping 
system is given in Fig. 3. The quantities indicated on 
this flow diagram resulted from material, energy, and 
economic balances based on an arbitrarily chosen, 
particular set of realistic operating conditions. Refer- 
ence (1) includes a detailed explanation of the assump- 
tions and calculations made. From this specific base 
case, engineering balances, quantitatively describing 
and interrelating the operations of the pulping system, 
were established. These generalized balances, in 
turn, allowed the development of the mathematical 
model of the system [see (1)]. Table I shows the re- 
sulting model of the hypothetical pulping process. 


The Nature of the Mathematical Model 


Number of Independent Variables. The model of 
Table I consists of an effectiveness function (revenues 
minus variable costs); eight realistic, functional re- 
straints; and a number of “subsidiary equations” and 
parameters. For the hypothetical pulping system 
considered, there are five more variables in the sub- 
sidiary equations (and thus in the effectiveness and 
restraint functions) than there are subsidiary equations 
for their determination. Thus, there are five inde- 
pendently adjustable variables, and, while they may be 
arbitrarily chosen in a number of ways, they are defined 
here as follows: 


Y1 = total load of inorganic chemical as Na2O in white liquor 
before white liquor losses 

Y2 = volume of white liquor to digesters 

Y3 = volume of black liquor to digesters 

Y4 = rate of fresh wash water to washers 

Y5 = time between cooks at each digester 


(Values of these five independent variables for the base 
case are indicated in Fig. 3.) 
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Effectiveness Function and Restraints as Implicit 
Functions of the Independent Variables Alone. If 
values are assigned to the adjustable parameters in 
the model (Table I), all the components of the effective- 
ness function and all of the restraints are, by means 
of the subsidiary equations, defined implicitly in terms 
of the independent variables (Y’s) alone. This can be 
demonstrated for a typical component of the effective- 
ness function and a representative restraint by inter- 
relating the selected subsidiary equations displayed in 
Table II. 


The cost of salt cake make-up is considered as a representative 
and familiar component of the model’s effectiveriess function. 
Knowing the cost per ton of salt cake, it is necessary to express 
the amount of salt cake required, for any given set of operating 
conditions, as a function of the corresponding independent vari- 
ables. The amount of salt cake required, M, is expressed in the 
generalized material balance by equation (15). See Table Tl 
This equation involves, besides the independent variable Y1, the 
two variables Ly and =Xo. (Y1 is the total load of inorganic 
chemical as NasO in the white liquor, before white liquor losses; 
Ly is related to the inorganic chemical lost from the washers; 
>X, is the actual total load of inorganic chemical in the white 
liquor, before white liquor losses.) Each of the two variables, 
Ly and =Xa, must be expressed ultimately as a function of the 

’g only. This is done for Ly by equation (27) which is essen- 
tially a dilution curve equation relating Ly to Y4 (rate of fresh 
wash water to washer system). 

The quantity, 2X. is defined by equation (21), where 


X1 = NaOH as Na,0 in the white liquor before white liquor 
losses, 

X2 = Na»S as Na,O in the white liquor before white liquor 
losses, 


X3 = Na.SO, as Na,O in the white liquor before white liquor 
losses, and bier 

X4 = Na,CO; as Na,O in the white liquor before white liquor 
losses, 
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Detailed flow diagram of hypothetical kraft pulping system 


and the numerical coefficients represent the ratio of actual 
weight to weight as Na,O for each component. 

Equation (21), in conjunction with the following four equa- 
tions (17-20), defines 2X. as a function of the Y’s and Ly. 
[Equation (17) is essentially a causticizing efficiency equation, 
while equation (18) represents the assumed condition of 95% 
reduction in the furnace. Equation (19) results from the com- 
bination of several material balances, while equation (20) is, 
in effect, the definition of Y1.] As indicated above, Ly is a func- 
tion of Y4 only [see equation (27)], so that by means of the sub- 
sidiary equations, M can be expressed as a function of the inde- 
pendent variables alone. 

A typical restraint, R8 (recognizing a limitation to the amount 
of chips and liquor that can be put in digesters of a given size), 
is expressed in the model and in Table IT by equation (9). The 
experimentally verified rate expression gives t (total time for a 
cook) as a function of the kraft cooking variables. In the hypo- 
thetical pulping system, some of these variables are constant; 
the remaining cooking variables, and thus 1, call tbe expressed 
ultimately in terms of the Y’s [equation (28)] in a manner similar 
to that shown for 2X. above. Then, since Vz, the total volume 
of liquor, is, by equation (26), a function of independent variables 
alone, R8 is seen to be expressed essentially in terms of the Y’s. 
[Restraint R8 is essential in the system and is one reason the pulp- 
ing rate expression had to be developed. The ‘‘n’”’ in equation 
(9) is a parameter characterizing the system and so is fixed for a 
given optimization. | 


In this manner, the whole model—that is, all costs 
and revenues comprising the effectiveness function, 
and all the restraints considered—can be ultimately 
expressed in terms of the independent variables alone 
[equations (29), (30) |. 

Nonlinear Nature of the Model. The nature of a 
mathematical model in reference to its optimization 
(discussed in a following section) is determined by its 
characteristics when explicitly expressed in terms of the 
independent variables alone. Such explicit expression 
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Table I: The Model 
Basis: 1 Ton of Air-Dried Pulp (TADP) 
Effectiveness Function = net return ($) = revenues ($) — variable costs ($) is (i/s — 1/0.52)10-+ 
E = (5.843)(10~7)H — (1.170)(10-4)7 — (2.358)(10*)l — 1.104 — (0.72)s 
(1.365)(10—1) — Se er dn\ie a Rane — (5.08)(10-4)X1 — 
IN 


i - (1) 

(ETOQGOS Khe) <1 = og gone Xs 1998 

Restraints: 
ri = K, — ‘83¥) 5 9 (fume loss limitation) (2) 
LORS 
R2 = X? — ee >0 (applicability of Model restriction) (3) 
a 2 
R3 = (K3)Y2 — Y3 > 0 (limitation on ratio of black to white liquor) (4) 
R4 = Vi — K, >0 (restriction on liquor-to-wood ratio) (5) 
R5 = Y5— Ks; > 0 (limitation on time between cooks) (6) 
R6 = K, — CEO z > 0 (restriction on black liquor contamination in washed pulp) (7) 
* ~~ (0.995)=X_q + 1998 = 
R7 = Kk; — C. > 0 (capital procurement limitation) (8) 
a eae — 110.6 — Vz, >0 (limitation to the amount of liquor plus chips per digester charge) (9) 
t 


In addition: All independent variables (Y1, Y2, Y3, Y4, Y5) > 0. The economics of the process makes mathematical statements of 
these ‘‘nonnegativity”’ restraints unnecessary. 
Subsidiary Equations: 


[(2324)2Xq — (2.874)(10") |Ly 


= a ~ 10 
H = (1.413)(107) — (1828)2X4 — (531)2X, + (0.995) =X. + 1998 (10) 
n(36,578) 
= pied EAESLE 11 
I = 3623 + (64.4)Y2 4+ (58.4)Y¥3 + i ¥5 (11) 
l = (0.995)2Xa + 1998 — (1.75)Ly (12) 
s = 1/{(0.995)=X4 + (60.8) ¥2 + (48)¥4 — (0.1121)7 — 5095] (13) 
C. = 148,000 — (331,000)s + (40)l — (61)sl (14) 
_ Cesyval (1.75) Ly(0.995) ¥1 15 
ee TOD (0.995)2Xa + 1998 se) 
L ms +k (16) 
" (0.024)¥4—k ' 
Exel \h — [(4.782)(10-2)(Y1 — X83) + (1.956)(10-!)(Y1 — X8)2/Y2 + (6.376)(10-1)X2 + (1.594)X3] aonvst (Y1 — X2 — X83) 
(17) 
XZ = (19) X38 (18) 
eam (3.535)(10~4)(Y1)? + (5.811)(10)Y1 + (8.705)(10-2)Ly(¥1) (19) 
ie (5.2)(10~2)Y1 + 78 + (2.377)(10-%)Ey(Y1) 
X4 = Y1 — (X1 + X24 X3) (20) 
ZXq = (1.290)X1 + (1.258)X2 + (2.290)X8 + (1.710) X4 (21) 
ZX, = (1.710) Y1 — (4.52)(10-1)X2 + (5.80)(104)X3 (22) 
k 
th = SR es + ksVu (23) 
OS = kg —— ke 
Cw 
ae (X1 + X2)(0.995) (24) 
Vi 
_ (X1 + X2)(0.995) 
is 3798 Coe 
Vi = Y2+ Y3 + 41.6 (26) 
Parameters: 
ki—s08950: |) 
ke = 96.82 
kz = 0.0663 [Aa = 10.0, maximum allowable fume loss = 10 lb./TADP 
ke = 0.3153 fixed j& = 0.28, minimum sulfidity allowable for Model to be applicable = 28% 
ks = 0.321 ( parameters \ Ks = 1.5, maximum ratio of black to white liquor = 1.5 
ke = 12.5 |K, = 213.1, minimum allowable liquor-to-wood ratio = 3.5 ml./g. 
k= He (Ks = 25.0, minimum time required between cooks = 25 min. 
ei a= 
ke = cost of lime kiln fuel, $/10* B.t.u. 
n = number of digesters 
Ke = maximum allowable black liquor contamination in washed /Parameters adjustable for the purpose of model alteration 
pulp, lb. B.L. organic matter/TADP 
K; = maximum capital available for purchasing evaporators, $ 
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can be accomplished for the pulping system model of 
Table I by actually carrying out the process discussed 
in the preceding section. Doing this, the effectiveness 
function and four of the restraints (R2, R6, R7, and R8) 
are seen to be complicated nonlinear functions of the 
independent variables (Y’s). Thus, the overall model 
is classified as nonlinear. More descriptively, the 
model represents a nonlinear, restrained system. 

Adjustable Parameiers. The adjustable parameters 
were incorporated in the model to provide for flexibility 
in the optimization studies. Their use in this con- 
nection is discussed under ‘Results of Optimizing the 
Hypothetical Pulping System.” 


NOMENCLATURE FOR VARIABLES 
TABLE I 


IN MODEL OF 


C. = installed cost of evaporators, dollars 

Gs = jnitial active alkali concentration, lb./cu. ft. 

C» = initial active alkali-to-wood ratio, lb./lb. 

E = measure of effectiveness (net return), dollars/TADP 

H = heat in gross high-pressure steam generated, B.t.u./ 
TADP 

ie = water equivalent of digester and contents, lb./TADP 

l = black liquor solids load to furnace, lb./TADP 

Ly = unadjusted soda loss (as Na2SOx) from washers, lb./ 
TADP 

M~ = salt cake make-up (as Na2O), lb./TADP 

R; = restraints 

s = weight fraction solids in black liquor to evaporators 
and black liquor recirculated to digesters, lb. /Ib. 

te = total time for a cook, min. 

Vz = total volume of white and black liquors and moisture 
in chips, cu. ft./TADP 

X1 = NaOH as Na.O in white liquor before white liquor 
losses, Ib./TADP 

X2 = NasSas Na,O in white liquor before white liquor losses, 
Ib. /TADP 

X3 = NasSO, as Na.O in white liquor before white liquor 
losses, Ib./TADP 

X4 = NasCO,; as Na,O in white liquor before white liquor 
losses, lb./TADP 

Y1 = total load of inorganic chemical as NasO in white 
liquor before white liquor losses, lb. /TADP 

Y2 = volume of white liquor to digesters, cu ft./TADP 

Y3 = volume of black liquor to digesters, cu. ft./TADP 

Y4 = rate of fresh wash water to washers, g.p.m. 

Y5 = time between cooks, min. 

>X, = actual total load of inorganic chemical in white liquor 
before white liquor losses, lb./TADP 

>X, = actual total load of smelt from recovery furnace unit, 


Ib./TADP 


Optimization 


The optimization of the mathematical model repre- 
senting the hypothetical pulping system constituted the 
final phase of this work. Optimization consists of the 
determination of the values or the model’s independent 
variables (Y’s) which maximize the effectiveness func- 
tion subject to nonviolation of the restraints. 

Optimizations can be accomplished in a number of 
ways depending on the particular nature of the effective- 
ness function, the presence or absence of restraints, the 
nature of the restraints when present, the dimensions 
and complexity of the problem, the accuracy desired 
in the final solution, etc. (In addition, when computers 
are used, computer speed and storage capacity are con- 
siderations. ) 

Thus, when the effectiveness function and any 
restraints involved are linear, standard methods of 
‘Jinear programming” can be used to seek an optimum. 
On the other hand, a general case for optimization 
occurs when the effectiveness function and at least some 
of the restraints are relatively complicated, nonlinear 
expressions. The pulping system model considered 
here is an example of this general case. Such nonlinear 
situations have considerable industrial importance. 

Some Approaches to the Optimization of Nonlinear 
Systems. When the effectiveness function is nonlinear 
and subject to no restraints (this probably seldom 
happens in realistic situations), the approximate 
eradient technique of the Method of Steepest Ascents 
can be used to seek an optimum (13). (If dimensional- 
ity is not too great, ordinary calculus can be used.) 
The Method of Steepest Ascents allows for the approxi- 
mate calculation of the steepest path up to the top of the 
effectiveness surface so that the maximum is arrived at 
very efficiently. The thin, solid line in Fig. 4 indicates, 
for a three-dimensional case [H# E(X,, X»2)], this 
path (I, 4, 5, 2, 1) which, ideally, is always perpendicu- 
lar to the contour lines (lines of constant £). Point I 
is an arbitrarily chosen starting point. 

When restraints involving inequalities apply, La- 
erange multipliers may be used in smaller problems 


Table II. Equations Indicating how Model Can Be Expressed in Terms of the Independent Variables Alone 


Aes (12.3)¥1 , (1.75)Ly(0.995)¥1 (15) 

752.3 (0.995)=Xa + 1998 

12.5 
27 
Lx (0.024)¥4 — 4.62 ene) (27) 
DXq = (1.290)X1 + (1.258)X2 — (2.290)X3 + (1.710)X4 (21) 
1 
m2 }0.950 i [ «4-782)(10-(71 _ x3) + (1.956)(10-1)(V1 — X3)2/¥2 + (6.376)(10-)X2 + (1.594)X3 | aagyys 
(Ya. = XOX) a elz) 
X2 = (19)X3 (18) 
va (3.535)(10~4)(Y1)? + (5.311)0-) V1 + (8.705)(10-2)L(wY1) (19) 
3 (5.2)(10-2) V1 + 78 + (2.377)(10~*)Ly(Y1) 
M4 = Vu (X1 + 2, 4X3) (20) 
_ (15,553) _ a = ; 
li leery 7 1106 — Vu 20 (9) 
ie hel, V2, Yosve Ws) (28) 
Vi = Y24+ Y3 4+ 41.6 (26) 
E = Effectiveness = Revenues — Costs = HOYT V2, Yo. 400) (29) 
R, = # Restraint = RAY1, Y2, ¥3, ¥4,¥5) 20, += 1,2..... ,8 (30) 
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Xe 
Fig. 4. Contour diagram of E = E(Xi, X2) showing paths 
of ascent and restraints 
(2, 14, 16). For larger ones, one approach is to apply 


the Method of Steepest Ascents until a limiting value 
of a restraint is reached. From this point on, an 
efficient procedure depends upon the nature of the 
model—in particular, the nature of restraints. Thus, 
when a single restraint is involved, like R’ (which 
represents a maximum value for the independent 
variable X,) in Fig. 4, the optimization may be com- 
pleted by moving in the direction of steepest ascent with 
this variable held constant at its limiting value. The 
overall path of the optimization then becomes I, 
4, 5, 2, 3. (The arrows from the dashed restraint 
boundaries in Fig. 4 point into the region of allowable 
solution.) 

However, suppose a single restraint, R” (a more 
complicated functional restraint), is involved (again, 
see Fig. 4). Following the path of steepest ascent soon 
results (at point 4) in a violation of this boundary. 
Using the approximate gradient method alone, one 
might proceed farther up the path of steepest ascent 
in hopes that the restraint would become noncritical 
at the optimum (as actually happens in the illustration). 
But in a more complex problem, since neither the nature 
of the effectiveness surface nor that of the restraints 
may be known, this is risky. 

As another approach to the above situation, it is 
possible, by means of a series of linear approximations 
to the nonlinear effectiveness and restraint surfaces, to 
apply linear programming sequentially (76). But this 
generally useful approach can be somewhat inefficient 
in certain circumstances. 

Still other techniques, such as a combination of linear 
programming and “search” theory (1/7) and the Monte 
Carlo method have been suggested or used in certain 
complex nonlinear situations. 

As part of the present work, a new approach to opti- 
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mization of nonlinear, restrained systems was devised. 
With both restraints applying in Fig. 4, this new ap- 
proach follows a modified path of ascent (heavy, solid 
line) which, while maximizing Z as quickly as possible, 
at the same time automatically steers clear of the re- 
straints and thus prevents their violation. At the very 
optimum, however, solutions are allowed on critical re- 
straint surfaces. Essentially, this new approach is 
based on steepest ascents up a succession of created 
response surfaces, within the natural “solution space.” 
This Created Response Surface Technique for solving 
optimization problems is discussed in (1) and will be the 
subject of a separate paper to be presented in the near 
future. 

A program using the new approach to optimize the 
system considered in this paper was developed and suc- 
cessfully run on an IBM 650 digital automatic com- 
puter. 


Results of Optimizing the Hypothetical Pulping System 


A number of parameters (like the “n’”’ in R8) were 
built into the pulping system model (see Table I). 
These parameters are related to raw material costs and 
changed limitations on restraints. Their adjustment 
provided for an easily changed model corresponding to 
a somewhat different system. 

The amount of improvement in effectiveness resulting 
from an optimization depends on the nature of the 
model, the amount of production from the system, and 
the starting point (corresponding, perhaps, to current 
operating conditions in a real mill). 

In this study, several optimizations were accom- 
plished for hypothetical systems having changed values 
of some of the parameters and different initial operating 
conditions. One such optimization (where fairly poor 
initial conditions were purposely chosen and the opti- 
mum was not highly restrained) indicated a $98,000- 
per-year increase in net return for a 250 ton per day 
operation. For another system (where the initial con- 
ditions were more carefully selected and the critical re- 
straints were more restrictive) a $55,000-per-year im- 
provement occurred. It is to be emphasized that these 
gains are significant only in relationship to the particu- 
lar system involved. 


CONCLUSIONS 


A very important contribution of O.R. is the develop- 
ment of a reserved yet confident reliance on results of 
studies of isolated ‘‘subsystems.’”’ These  subsys- 
tems—usually far too complex for intuition alone to 
comprehend—represent only a portion of the overall 
system. Yet, developing even simplified subsystem 
models and obtaining appropriate solutions can uncover 
vastly improved operating conditions. In addition, 
many important indirect benefits result, such as a much 
better understanding of the system involved, an indica- 
tion of where and what kind of modification can be made 
to improve the system, and the possibility of using the 
model developed in a more comprehensive system repre- 
sentation. 

Operations Research provided a very effective ap- 
proach to the economic optimization of the hypothetical 
kraft pulping process considered in this paper. In ex- 
tending this approach to actual industrial kraft pulping 
processes, there are indications that additional infor- 
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mation on the kinetics of kraft pulping, better process 
control, and other requirements would be necessary. 
Only by actual application of the O.R. approach to a 
particular pulping system do specific requirements be- 
come apparent and serve to focus attention, in a new 
way, on needed areas of investigation. 

A goal of O.R. is to be able to accurately represent a 
complete industrial operation quantitatively, in a form 
amenable to optimization. By linking together care- 
fully developed models of the subsystems which com- 
prise the overall system, this ideal goal can be ap- 
proached. 
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Fractionation of Hemicelluloses 


RUSSELL NELSON 


Hemicelluloses were fractionally removed from slash pine 
chlorite holocellulose by stepwise alkaline extraction. 
Xylan was found to be concentrated more in the earlier 
than in the later fractions removed, whereas glucomannan 
exhibited opposite behavior. It is considered that the 
composition of the extracted fractions is controlled by dif- 
ferences in the two main polysaccharide systems with 
respect to molecular properties, position in the cell wall 
structure and probably degree of association with cellulose. 
Subfractions were separated from extracted fractions by a 
novel method consisting of sequential addition of cetyl 
pyridinium bromide, borax and acetone to aqueous solu- 
tions of the hemicelluloses. Other subfractions were 
separated by copper complexing followed by alkaline ex- 
traction. It was possible by these methods to prepare 
xylan and glucomannan with varying efficiency having 
purities generally above 90%. 


Tu hemicelluloses exist in nature as polysac- 
charide mixtures of varying heterogeneity. In the 
course of any rigorous characterization of these natural 
mixtures, there are three separate and essential stages. 
(a) Isolation from a suitable plant source, (b) fracteona- 
tion into homogeneous components, and (c) proof of 
structure of the individual components (/ ). Methods 
for isolation and proof of structure have been reasonably 
well developed as evidenced by an abundance of perti- 


Russetyt Newson, Research Chemist, Buckeye Cellulose Corp., Memphis, 
Tenn. 
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nent literature (1-4), but comparatively little has been 
reported on fractionation. As a result, progress in 
hemicellulose characterization has been limited. 

Fractionation by precipitation and extraction proc- 
esses depends on solubility differences between the 
components. With the hemicellulosic polysaccharides, 
solubility may be variably influenced by average molec- 
ular weight, distribution of molecular weights, shape. 
type and configuration of functional groups, homogene- 
ity of composition and relationships between the cell 
wall components. Consequently, fractionation should 
not be expected to be governed by any single one of 
these solubility factors but instead by an average of the 
plus and minus features of several of them operating 
simultaneously during the fractionation process. It is 
apparently for this reason that overlapping or tailing of 
fractions is experienced, and it is only by the most 
tedious and painstaking procedures that high purities 
are usually achieved and then often by large sacrifices 
in yield. 

Ordinarily, fractionation by extraction is not as efhi- 
cient as by precipitation from homogeneous solution. 
This is because dissolution is controlled more by ac- 
cessibility, diffusion, membrane barriers, swelling re- 
strictions, etc., than by molecular properties. In ex- 
traction processes the more highly branched and hetero- 
geneously composed hemicelluloses are usually re- 
movable with dilute alkaline solutions (5-8), whereas a 
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more homogeneous polysaccharide is removable by 
subsequent extraction with stronger alkali (4, 9). 
Delignification before extraction may or may not be 
necessary, depending on the plant source (4, 10). 


Various preswelling treatments of the plant source 
may alter the composition of fractions removed in the 
main extractions (11-13). The addition of borate salts 
to alkaline extractants has been used frequently to 
facilitate removal of mannans (14), presumably by 
means of the complex formed between borate ion and cvs 
hydroxyls. Recently, Lindberg and Meier (9) com- 
bined the action of preswelling and borates to isolate 
several glucomannans of notable purity. Of particular 
interest in their work was the separation of a glucoman- 
nan from exhaustively extracted holocellulose residues 
following destruction of the biological structure by 
regeneration from cupriethylenediamine. ‘Treiber (14), 
on the other hand, successfully reduced “resistant’’ 
hemicelluloses markedly by the simple addition of 
beryllium hydroxide to the alkaline extractant. 

Hemicellulose mixtures in the isolated as well as in the 
native state may be partially resolved by fractional ex- 
traction. Thus, Hamilton and Thompson (1/6) sepa- 
rated glucuronoxylan and glucomannan by prolonged 
extraction of sulfite hemlock pulp hemicelluloses with 
dilute alkali, employing to advantage the acidic and 
branched character of the xylan. Softwood xylans in 
purities much above 50 to 60% are generally obtained 
with difficulty by extraction methods. 

Ball, Jones, Nicholson, and Painter (17) separated a 
mixture of loblolly pine hemicellulose acetates into pure 
glucuronoxylan and galactoglucomannan fractions by 
distribution between chloroform and aqueous carbonate. 
This is probably the only instance in which a standard 
organic separation technique has been used to resolve a 
polysaccharide mixture. 

As indicated above, fractionation by precipitation is 
more efficient than by extraction. What may be con- 
sidered the classical precipitation scheme consists of 
acidifying an alkaline solution of hemicelluloses to ob- 
tain one precipitate and then flooding the supernatant 
with some water-miscible solvent, such as acetone or 
alcohol, to obtain a second precipitate. As a rule, 
neutral and linear or moderately branched polysac- 
charides are found in the first fraction while acidic and 
more highly branched polysaccharides are found in the 
second. Several refinements of this basic scheme have 
been developed over the past 25 years. One of these 
was recently developed by Immergut and Ranby (/8) 
to isolate from a sulfite spruce pulp extract glucuronoxy- 
lan and glucomannan in about 92 and 95% purity, 
respectively. 

Some resolutions have been performed by fractionally 
precipitating the acetylated and methylated derivatives 
of polysaccharide mixtures from chloroform or acetone 
solution with petroleum ether, but the sharpness of 
separation is less than that desired (19-2/). 

The differential solubility of the copper-polysac- 
charide complexes in alkali has proved useful in purifi- 
cation and fractionation (14, 17, 22-25). Polysac- 
charides containing mannose (i.e., mannans, glucoman- 
nans, galactoglucomannans and galactomannans) form 
complexes with cupric ions under certain conditions. 
Ordinarily, these complexes are less soluble than those 
formed from xylans and glucans. Using this principle, 
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Timell and Tyminski (24) isolated a glucomannan by 
extracting xylan from a copper complex of white spruce 
hemicellulose by replicate alkaline treatments. Simi- 
larly, Adams (25) used the copper technique to obtain a 
galactoglucomannan from the water extract of spruce 
wood. 

Ammonium sulfate has been used with some success 
to isolate xylan-rich fractions (21, 26), and Meier (27) 
and Hamilton (28) have recently shown that barium 
hydroxide precipitates glucomannan with a fair degree 
of selectivity. 

Scott (29) and Stacey and Barker (30) were among 
the first to demonstrate that proteins and acidic poly- 
saccharides like chondroitin sulfate, heparin, hyaluronic 
acid, alginic acid and pectin, react with certain quater- 
nary ammonium compounds like cetyl trimethyl am- 
monium bromide and cetyl pyridinium bromide, to 
form salts which are poorly soluble in slightly acid to 
strongly alkaline media (29). Neutral polysaccharides 
such as glycogen, dextran, and the blood group 
polysaccharides remain predominantly in solution. 
Subsequently, some neutral polysaccharides like yeast 
mannan, ivory nut mannan, and laminarin were also 
shown to be precipitable with the quaternary bases 
if the precipitation is performed in the presence of 
borate ion under alkaline conditions (31, 32). It is be- 
lieved that acidity is conferred on the neutral poly- 
saccharide by virtue of the borate ester or complex, 
since principally those polysaccharides having cis 
hydroxyls in their normal structure form the insoluble 
amine salts. In view of the encouraging results ob- 
tained by fractionating miscellaneous polysaccharides 
with quaternary ammonium salts, it seemed of par- 
ticular interest to determine whether such a method 
could also be employed to resolve wood hemicellulose 
mixtures.* The hemicelluloses of slash pine, Pinus 
caribaea, were selected as especially suited for this de- 
termination since they are composed of acidic and neu- 
tral mannan-type polysaccharide systems (8, 33-36). 
A series of crude hemicellulose fractions were obtained 
by graded alkaline extraction of chlorite slash pine 
holocellulose. These were fractionally precipitated 
with cetyl pyridinium bromide before and after borate 
salt addition, with acetone and with copper salt. 


EXPERIMENTAL 
Holocellulose Preparation 


Holocellulose was prepared from alcohol-benzene ex- 
tracted 20 to 40-mesh slash pine wood meal as de- 
scribed by Wise (37). Klason lignin, 5.5%; ash, 1.4%; 
yield, 76.5%, dry wood basis. 


Alkaline Extractions 


Nine hundred grams of holocellulose were successively 
extracted with 9 |. each of 3, 10, and 18% NaOH and 
then with 18% NaOH to which had been added 5% H;- 
BO;. Extractions were run under nitrogen for 3 hr. at 
25 + 1°C. with constant stirring. Following each 
extraction, the liquors were filtered through cheese 
cloth pre-extracted with alkali and then through fritted 
glass of medium porosity. The insoluble residue was 


* Since completion of the present work, two papers have appeared in which 
cetyl trimethyl ammonium bromide was used with borate salts to fractionate 
the hemicelluloses of Western larch and Scotch pine. Cf. H. C.Sp., Bouveng 
and B. Lindberg, Acta Chem. Scand. 12, 1977 (1958) and H. Meier, Acta 
Chem. Scand. 12, 1911 (1958). 
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F ig. 1 . The effect of alkali concentration on the com- 
position of hemicelluloses successively extracted from slash 
pine holocellulose at 25°C., 3 hr., 10:1, liquor : solid 


washed under nitrogen for 30 min. with 4 1. of fresh 
alkali of the same strength as used in the main extrac- 
tion. 


Isolation of Hemicellulose Fractions 


The alkaline extracts were combined with their re- 
spective wash liquors after filtration, cooled to 5°C. 
with ice, acidified to pH 4 to 5 with 98% acetic acid 
(no precipitation), and the hemicelluloses precipitated 
with 4 volumes of acetone. The hemicelluloses were 
collected on the centrifuge and washed repeatedly with 
4:1 acetone: water to remove salt, with pure acetone 
and finally with dioxane. The hemicelluloses were 
isolated as off-white powders by freeze drying from 
freshly distilled dioxane. The fraction extracted with 
18% NaOH + 5% H;BO; and subfractions contami- 
nated with borax were treated with boiling methanol to 
remove borate ion. 

The yields are given in Table I and are expressed as 
per cent of holocellulose on an ash-free basis. 


Fractional Precipitation 


Hemicellulose fractions were dissolved in hot water 
(60-70°C.) or in alkali (4%) to 1% concentration. A 
1% aqueous solution of technical grade cetyl pyridinium 
bromide was added to the hemicellulose solution at 
room temperature until precipitation was complete. 


Further addition of precipitant had no visible effect. 
After separating the insoluble salt on the centrifuge, the 
supernatant liquid was stirred with an equal volume of 
1% borax solution and enough 1% cetyl pyridinium 
bromide added to complete precipitation of the second 
subfraction. After separating this second insoluble 
salt by filtration through Whatman no. 40 paper, the 
supernatant liquid was flooded with 4 volumes of ace- 


Table I. Properties of Extracted Hemicellulose Fractions 
and Holocellulose Residue 


Hemicellulose, %, extracted with: 


8% 
NaOH 
8% 10% 18%, +5% Extracted 
NaOH NaOH NaOH H3BO3 residue 
Glucose + 
Galactose* 19.4 20.3 Mee 24.5 89.5 
Mannose? Seal 58.9 68.2 70.2 8.7 
Xylose* 49.5 20.8 9.6 5.3 LAS 
Ash,’ % 15.4 24.4 31.2 520. 2)! 
Yield,° % i Web 14.0 S58) 2.0 ca. 50 
[n Je(at. jg.) 0.59 0.79 0.75 0.89 ue 


a Calculated as per cent of neutral sugars. 
b Calculated on dry weight of crude sample. 
¢ Calculated as ash-free sample, based on holocellulose. 


tone to precipitate a third subfraction. The sticky- to 
curd-like yellow-brown precipitates were kneaded thor- 
oughly on the funnel while washing with 1 to 2 Li of 
water. The polysaccharides were recovered by dis- 
persion in 5% HCl-5% CHsCOOH dissolved in ice 
cold 3:1 acetone: water and collected on the centrifuge. 
The polysaccharides were washed with acetone-water, 
borates were eliminated where required by methanol 
extraction, and the subfractions were dried from pure 
acetone or fractionated further as indicated with CPB- 
borax-acetone or with Fehling’s solution (24). The 
yields are given in Fig. 2 to 4 and are expressed as per 
cent of the holocellulose on an ash-free basis. 


Carbohydrate Analyses 


Carbohydrates were determined, in duplicate, ac- 
cording to the paper chromatography method described 


3% Hemicelluloses 


G = 19.4% 
M = 31.1 
X = 49.5 


Solvent:Water 


Precipitate 3-A 


G = 11.1% 
M = 22,1 
X = 66.8 


Solvent:4% NaOH 
CPB 


Precipitate 3-A' Supernatant 3-A! 
G = 47.9 


M = 25.6 


1. Borax 
X = 26.5 2. CPB 
Yield, 1.2% 


Supernatant 3-A 


1, Borax 
2. CPB 


Precipitate 3-B Supernatant 3-B 
G = 16.5% 
M = 64,9 
X = 18.6 

Solvent:4% NaOH Acetone 


3 Copper 
Precipitations 


ipi p 2 ipi -B' Supernatant 3-B' Precipitate 3-C Supernatant 3-C 
p te 3-A" Supernatant 3-A Precipitate 3 p c 
a Gee % G = 18.9% (Discarded) G= 2.1% (Discarded) 
M= 67.7 M : a rere 
xX = 12.1 Acetone X= 0.8 = . 
: Yield, 0.6% Yield, 2.6% 


Yield, 0.2% 


Precipitate 3-A"' Supernatant 3-A'' 


G= 2.4% (Discarded) 
M= 9.1 
X = 88.5 

Yield, 1.0% 


Fig. 2. Fractionation of 3% hemicelluloses; yields calculated as ash-free samples, based on holocellulose 
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Precipitate 10-A Supernatant 10-A cipitate 10-B Supernatant _10-B 
G = 23.7% Viigcardad) Granlo.0 
M = 75.1 M = 41.7 e 
X= 1,2 X = 45,3 1. Borax 
Yield, 3.5% Yield, 3.0% 25 "GES 


Precipitate 10-C Supernatant 10-C 

G DNs 
M 70.5 
X USE. Acetone 
eld, 4.5% 


d 


Preelotsgic 10-D Supernatant 19-D 
G = 16.57 Discarded ‘ 
M = 55,1 

X - 28.4 
Yield, 1.5% 


Fig. 3. Fractionation of 10% hemicelluloses; yields calculated as ash-free samples, based on holocellulose 


by Durso and Paulson (38). Galactose and glucose 
were estimated together. Arabinose was not. esti- 
mated, although it was present in minor amounts. 
Analyses are expressed as the per cent of glucose + 
galactose, mannose and xylose measured on the chro- 
matogram. Qualitative analyses of chromatograms 
developed with the upper phase of a ethyl acetate: 
pyridine: water (2:1:2 by vol.) mixture showed that 
galactose was present in each of the hemicellulose frac- 
tions extracted from the holocellulose, but the propor- 
tion decreased toward the end of the extraction se- 
quence. If all galactose units are associated with the 
same polymer as mannose and hemicellulosic glucose 
(17, 28), the above observation might suggest the pres- 
ence in slash pine of a complex galactoglucomannan 
polysaccharide system (28, 36). 


Intrinsic Viscosities 


Intrinsic viscosities were determined in duplicate in 
M-cupriethylenediamine at 30 + 0.02°C. using a dilu- 
tion viscometer. Concentrations were figured on an 
ash-free basis, but viscometry was performed at com- 
parable ash levels by addition of sodium acetate where 
needed. Specific viscosities were measured at 0.40, 
0.266, 0.160, and 0.100 g. per dl. The viscometer had 
an outflow time of 238 sec. for pure solvent. 


18% Hemicelluloses 
S222: 


G= 
M = 
X = 

Solvent: 4% NaOH 


4 Copper 
Precipitations 


Precipitate 18-A 
er WIRE 
M= 79.9 
X= 18 
Yields 2557 


Supernatant 18-A 


Fig. 4. Fractionation of 18% hemicelluloses; yields cal- 
culated as ash-free samples, based on holocellulose 
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DISCUSSION 


From Fig. 1 and Table IJ, it is evident that the step- 
wise extraction resulted in partial fractionation. Thus, 
the xylose concentration is high (ca. 50%) in the first 
fraction removed and it decreases regularly thereafter. 
The mannan concentration, in contrast, is low in the 
first fraction removed and increases in subsequent frac- 
tions. It has become almost traditional for workers to 
interpret such extraction data in terms of differences in 
the degree of order in which the hemicellulosic poly- 
saccharide systems exist either with themselves or with 
cellulose. We find little or no cause to deviate from 
this established hypothesis to explain the data in Table 
I and Fig. 1. On the contrary, studies in these labo- 
ratories of xylan, glucomannan, mixtures thereof and 
extracted residues as related to crystallinity, structure, 
and probable position within the cell-wall framework 
have yielded good support for such an association (39). 
Meier (40), on the other hand, has recently offered 
data which could be interpreted as evidence against 
association between polysaccharide systems. How- 
ever, it is important to regard fractional extraction be- 
havior in the light of a multiplicity of factors rather 
than of any single factor like crystallinity. The ex- 
traction data in the present work provide a case in 
point. According to Table J, fractionation by chain 
length is indicated, but it would be difficult to explain 
the curves in Fig. 1 on this basis alone. It appears, 
therefore, that the composition of the extracted frac- 
tions is controlled by a combination of molecular prop- 
erties (including chain length), position in the cell wall 
and probably degree of association between the two 
major hemicellulose polysaccharide systems and cellu- 
lose. 

The subfractionation schemes for the 3, 10, and 18% 
NaOH fractions are given in Figs. 2, 3. and 4, respec- 
tively. Further separation of the 18% NaOH + 
5% HBO; fraction was not attempted. In Figs. 2 and 
3 it may be noted that with one exception the addition 
of cetyl pyridinium bromide (CPB) to aqueous solutions 
of the hemicelluloses precipitates subfractions which are 
substantially enriched in xylan (cf. 3-A and 10-B). 
On the basis of the work by Scott (29), Stacey and Bar- 
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ker (30) and Hamilton (36) such precipitates almost cer- 
tainly are products of the reaction between CPB and 
glucuronic acid side groups on the xylan chain. Pre- 
cipitate 3-A’ is exceptional in that it contains less xylan 
than subfraction 3-A from which it was derived. Ap- 
parently, the electrolyte concentration in the A% 


Table II. Mannose: Glucose Ratios of Hemicellulose 


Fractions 

Mannose Mannose 

: Glucose + Glucose + 

Fraction Galactose Fraction Galactose 
3% 1.60 10% 2.90 
3-A 1.99 10-A Bie Lue 
3-A’ 0.53 10-B 3.21 
3-A” 3.39 10-C 3.18 
3-A’” 3.79 10-D 3.34 
3-B 33508) 18% 3.08 
3=br 4.24 18-A 4.12 
3-C 1.95 18 +5% 2.86 


NaOH solvent was sufficiently high to retard precipita- 
tion (29). 

Following separation of the crude xylans, the addition 
of borax and more CPB to the supernatant liquors pre- 
cipitates a second set of subfractions which are dis- 
tinguished by increased mannan concentrations (cf. 
3-A’’, 3-B, and 10-C). These latter precipitates prob- 
ably result from glucomannans reacting with borax 
and forming metastable anionic polyelectrolytes which 
then react with CPB (81, 32). 


After separation of the crude xylans and mannans de- 
scribed above, a third set of subfractions are isolable 
from the supernatant liquors by flooding with acetone 
(cf. 3-A", 3-C, and 10-D). It isinteresting to note from 
Figs. 2 and 3 that these contain substantial amounts of 
xylan, particularly 3-A’” and 3-C, which were not pre- 
cipitated on addition of the first portion of CPB. 
Factors responsible for this apparent dual character of 
slash pine xylan could be due to normal variation in 
molecular weight, uronic acid content or degree of 
branching. 

As indicated in Figs. 2, 3, and 4, fractional precipita- 
tion of select hemicelluloses with Fehling’s solution 
followed by dilute alkaline extraction (24) enabled the 
isolation of glucomannas to contaminate with only 
1-2% xylan (cf. 3-B’, 10-A, and 18-A). While this 
method requires prolonged periods of extraction and 
frequent handling, it is apparently still more efficient 
for preparing glucomannan than is fractional precipita- 
tion with CPB and borax. The expediency and 
versatility of the latter method, however, cannot be 
discounted. 

Composition was used in the present work as the 
criterion of purity, assuming that in glucomannans 
such as are believed to have been separated here the 
mannose: glucose ratio of 3-4:1 is normal (see Table 
II). Even if this assumption is correct, purity may 
not necessarily be tantamount to homogeneity. It 
was undetermined, for example, that all of the glucom- 
annans (or xylans) separated were structurally equiv- 
alent. It is for this reason that the components of 
the hemicelluloses are to be regarded as polysaccharide 
systems rather than as simple polysaccharides. Simi- 
larly, if the above assumption is incorrect, it was un- 
determined that the glucomannans were free from 
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contamination by small amounts of cellulose carried 
over from the holocellulose extraction. 


CONCLUSION 


Fractionation with quaternary ammonium com- 
pounds can be used to resolve wood hemicellulose 
mixtures. Apparent limitations of the method would 
be absence of acidic functions and cis hydroxyls, 
similarity of important functions on otherwise dis- 
similar polysaccharide types, low sensitivity of polysac- 
charide to precipitant and possibly very low molecular 
weight. Advantages of the method seem to be expedi- 
ency and versatility, and on this basis it should serve 
to complement conventional fractionation methods. 
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Dielectric Properties and Moisture Content Determination 
in Paper 


J. VITINS 


This paper introduces a new method for determining 
the moisture content in moving paper. It shows that a 
single measurement of capacitance, resistance or dielectric 
loss does not give a true measure of moisture content. 
Other factors such as yariations of temperature, basis 
weight of paper, relative humidity of air, etc., must be 
taken into account. The possibility of combining several 
measurements for automatic moisture control is discussed 
and optimum frequencies for different dielectric measure- 
ments are indicated. 


Tue considerations described below are aimed 
at developing a method of automatic moisture control 
in moving paper during its manufacture. Possible 
application to other fields is stated only as an illustra- 
tion. 

It is generally known that dielectric properties of a 
hygroscopic web are functions of relative moisture 
content, temperature, and composition of the sample. 
In addition to this the applied measurement techniques 
require knowledge of the basis weight of the sample. 

Assuming that the composition of material is con- 
stant and the equipment is error free, it follows that, 
in general, any dielectric measurement to determine 
moisture content* has to be accompanied by simul- 
taneous measurements of basis weight and tempera- 
ture. Consequently an automatic moisture content 
control would require the combination of a minimum 
of three simultaneous measurements. 

Further analysis of properties of paper and electrode 
systems will show that the number of the variable 
parameters is generally more than three and only by 
absorption measurements at optimum frequencies can 
the number be reduced to the idealized scheme given 
above. Following this analysis the study is extended 
to combinations of the different dielectric measurements 
available for determination of all three variables, 
moisture content, basis weight, and temperature. 
The number of technically acceptable combinations at 
present is very limited, mainly by the sensitivity of 
electrodes to gap variations. The possibility of com- 
pensation for undesirable effects is demonstrated by 
the example of waveguide cavity. 


PROPERTIES OF PAPER 


The resistance of paper to d.c. and a.c. can be utilized 
for moisture determination in stationary samples. 
The accuracy and limitations of such measurements 
are very completely described by MHardacker and 
Rawcliffe (1) and by Hart and Gallay (2). 


If the paper moves the relations will be different. 


J. Virrins, present address: British Columbia Research Council, Van- 
couver 8, B. C., Canada. 
* Moisture content is used here throughout to denote relative moisture 


content referred to the dry weight of sample. 
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The conductivity will be overshadowed by charging 
currents of geometrical and internal capacitances 
shown in Fig. 1. The paper movement can be consid- 
ered as replacing the d.c. by a.c. of a proper frequency. 
For example, paper speed of 1500 f.p.m. with 1-in.-wide 
electrodes would correspond to a frequency of 600 cycle 
per sec. The apparent resistance will represent the 
total dielectric losses in the material. 

Figure 2 shows the variation of apparent resistance 
calculated from dissipation-factor measurements at 
different frequencies published by Veith (3). It shows 
that resistance measurements on a standing sample 
cannot be transferred to a moving one. 

The frequency spectrum of a dielectric material is 
shown in Fig. 3. The changes of dielectric properties 
are explained by changes in polarization. With in- 
crease of frequency, different types of polarization 
decrease rapidly in the different frequency regions. 

Interfacial or Ionic Polarization. This appears only in 
heterogeneous materials as a result of an accumulation 
of charges at the interfaces of components having 
different dielectric properties. The cellulose fibers 
are practically nonconductive. The conductivity of 
the moisture layer along the fibers is known to be 
quite variable (3). It depends generally on the num- 
ber of ions and on their mobility. Under practical 
conditions different chemical contaminations may 
appear as the major sources of ions. 

Dipole Orientation Polarization. Water and cellu- 
lose are both dipole dielectrics. The dielectric prop- 
erties of the wet cellulose are very different from those 
of cellulose and water considered separately (4, 4). 
Absorbed water does not have a dielectric constant of 
80 and its dissipation factor is not 20 times larger than 
that of dry cellulose. 
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Fig. 1. Idealized picture of the interfacial polarization 


owing to conductance along the fibers 


(2) Fibers 


(1) Fibers having no contact with any electrode. 
Fibers having con- 


having contact with only one electrode. (3) 
tact with both electrodes. 
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RESISTANCE OHM-CM 


MOISTURE CONTENT % 


Fig. 2. Specific resistance of cable paper at room 
temperature 


The region of dipole polarization is of more interest 
for moisture determination because here the properties 
of wet paper are directly dependent on the ratio of 
water to cellulose, but not on a third factor, a source of 
ions as in the case of interfacial polarization. 

Atomic polarization. Thisis the effect of displacement 
of charged atoms or groups of atoms with respect to each 
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Dielectric Constant 
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Fig. 3. Schematic graph of dielectric constant and dissipa- 


tion factor variation with frequency. F or interfacial 
polarization the equivalent mechanism of Fig. Lis assumed 
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other. It is well known that liquid water has two 
very strong absorption maxima; one due to the stretch- 
ing vibrations, around 2.9 u, and the other due to the 
bending vibrations of H-atoms, around 6.1 yw. The 
H-atoms of cellulose do not show bending vibrations 
and its absorption in the region of 6 u is relatively low. 

Figure 4 shows an approximate transmission spectra 
obtained by preliminary measurements for cellulose 
at different moisture contents. The scattering effect 
is not shown in this figure. Actually, because of the 
fibrous structure of cellulose, the main part of the 
incident radiation will neither be absorbed nor passed 
through the material but reflected in all directions, 
ie., scattered. This process depends on a number of 
parameters. Unless a practical method is found for 
separating absorption measurements from scattering, 
the advantage of this region, where dielectric measure- 
ments are almost free of change-of-temperature effects, 
can hardly be utilized. 


~~~ Moisture content ca 2-4 percent 


ea —— Moisture content ca |0-15 percent 


TRANSMISSION 
PERCENTS 


(23) 40 Se 16a Sea on 0 12 14 16 18 
WAVELENGTH IN MICRONS 


Fig. 4. Transmission spectra of cellulose at different 
moisture contents 


Electronic Polarization. The polarization due to the 
displacement of electrons within the atom relative to 
its nucleus. Cellulose appears opaque in this region. 

This short survey shows that at present only the 
regions of interfacial and dipole polarization are of 
interest for further consideration. The general rela- 
tions for dielectric material described above have been 
used to construct Figs. 5, 6, and 7, which set out certain 
relationship for paper with different moisture content 
at room temperature. The figures have been con- 
structed using measurements reported in references 
(3) through (11). 

Figure 5 shows the dissipation factor, and Fig. 6 
the dielectric constant as functions of frequency. It 
can be seen that the interfacial polarization gives an 
appreciable dissipation factor variation due to the 
moisture in the frequency region between 1 and 10* 
eycle per second, but dipole orientation between 108 and 
10! cycle per second. Figure 7 shows the dielectric 
constant at 10° cycle per second as a function of the 
moisture content. 

The rate of variation of dielectric properties with 
temperature change is not constant but depends on 
the frequency and moisture content. This very 
important and undesirable dependence could not be 
obtained from the published data for the whole region 
of interest. Figures 8 and 9, based on measurements 
made at the British Columbia Research Council, dem- 
onstrate the temperature dependence of moisture 
determination on the basis of dissipation factor and on 
the basis of dielectric constant variation at a frequency 
of approximately 2.4 x 10” cycle per second. In 
both cases to obtain the moisture content with an 
accuracy of 0.2% would require knowledge of the tem- 
perature of the sample to within 2°C. 
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DISSIPATION FACTOR 


Microwaves 


FREQUENCY IN CYCLES PER SECOND 


Fig. 5. Variation of dissipation factor with frequency at 
room temperature 


The curves of Figs. 5, 6, and 7 present qualitative 
rather than quantitative values because the kind of 
cellulose, its treatment, and the composition of paper 
are not specified. The influence of these factors on 
d.c. resistance has been described by Hardacker and 
Raweliffe (1), and the influence on the dissipation factor 
due to dipole orientation, by Nakanishi, Horii and 
Fujiwara (11). The fiber furnish is a major factor 
influencing the dielectric properties of paper. Com- 
pared with mechanical pulps, chemical pulps have 
approximately 200 times higher d.c. conductivity and 
double the dissipation factor at 10'° cycles per second. 
These maximum variations are equivalent to a change 
of moisture content of approximately 2.5%. At the 
frequencies between d.c. and 10!° cycles per second, the 
variation of the dissipation factor with fiber furnish is 
equivalent to appreciably larger changes of moisture 
content; see. for example, Figs. 16 and 17 of ref. (1). 

The effect of common contaminations has been shown 
to be largely overshadowed by a certain spread of re- 
sults which could not be explained always by inaccuracy 
of the equipment. 

A hysteresis in moisture content variation with sub- 
sequent changes of air relative humidity is known, but 
the mechanism has had little investigation. There 
are some indications, possibly related to the hysteresis 
loop, that for the same moisture content the dielectric 
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Fig. 6. Variation of dielectric constant with frequency at 
room temperature 


DIELECTRIC CONSTANT 


fe) 2 4 6 8 10 12 14 
MOISTURE CONTENT % 


Fig. 7. Variation of dielectric constant with moisture 
content at 1 megacycle room temperature 


properties are not necessarily constant. The insufficient 
knowledge of reasons for the resulting spread of single 
measurements seriously handicaps estimation of the 
accuracy of moisture determination which could be 
obtained by different methods. 


NOTE: A recently received publication of Paavo Kajanne 
and Aarne Hollming ‘‘Hydrogen bonding as an uncertainty factor 
in continuous moisture determination of paper,’ Papert ja Puu 
(Finland) 39, 465-470 (1957) illustrates the importance of inves- 
tigations in this field. 


ELECTRODE SYSTEM 


The study above showed that measurements of the 
dissipation factor and dielectric constant may be uti- 
lized for moisture-content determination. The appa- 
ratus has to employ certain electrodes containing a 
fraction of the moving sample. 

Generally, two directions of the applied field are 
possible: (1) across the sheet, and (2) along the sheet. 
Figures 10a to 10d show a few typical electrode arrange- 
ments. They have one common important charac- 
teristic: the sample does not fill up the whole space 
between the electrodes. These electrode systems per- 
mit measurement of capacitance change and dielectric 
losses, absorption or attenuation due to the sample; 
but the indicators of moisture content, dielectric con- 
stant and dissipation factor, can be calculated only if 
the basis weight is known. Because the fill factor is 
small, see Table I, the dependence on the basis weight 
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Fig. 8. Variation of attenuation at the frequency of 2.4 X 
10° cycles 
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PHASE CHANGE M.M. 
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MOISTURE CONTENT % 


Fig. 9. Variation of phase at the frequency of 2.4 X 10% 
cycles 


is practically linear. The suitability of the different 
arrangements for a moisture meter was obtained from 
the calculation of capacitance and dielectric loss changes 
due to different factors. For this a sample of news- 
print was used with: 


Basis weight B = 35 lb (25 X 40 — 500). 
Thickness d = 0.004 in. = 0.01 cm. 
Dielectric constant K = 3 (Fig. 7). 


Further, it was assumed that the required accuracy is 
0.2% for moisture content and 2% for basis weight; 
that the temperature of the electrodes could vary be- 
tween 30 and 70°C. and that the relative humidity 


@= 0.01 


jot: 


0) 


f=0.3 


b= 0.432 


Fie. 10. Electrode arrangements. Dimensions in 
centimeters 
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Fig. 11. Experimental gliding electrode arrangement 


of the ambient air may be between 30 and 90 per cent. 

Major sources of errors were considered to be: (1) 
variations of position of the sample relative to the elec- 
trodes, (2) changes of dielectric constant of air with 
relative humidity, (3) variations of the temperature of 
electrodes, (4) mechanical instability of the gap and of 
the position of the electrodes to each other. 

With the electrodes of Figs. 10a, b, and d, the position 
of the sample coincides with the plane of symmetry of 
the electrodes. The errors due to the deviations from 
this position increase only gradually. With electrodes 
of Fig. 10c the relations are different: the capacitance 
would vary rapidly with the specimen movements per- 
pendicular to its plane. The extent of the electrical 
contact between the electrodes and paper, particularly 


Table I 
— Maximum variation-————~ 
Electrode 
Capacitance Air R.H. temperature 
Electrode variation at.65° for expansion 
figure x 10-2 % only, °C. Gap X 10-4 in. 
10a Zee 10 10 2 
10b ib th 5 5 3) 
10c¢ <0.4 <9 1 w 
10d? 3 15 3 10 
10d° 2 35 2 Uf 
10d° 0.3 1.5 0.3 10 


¢ 10d, without dielectric walls. 

6 10d, with dielectric walls. 

¢ 10d, for 10-em. wave guide, a = 7.22 cm., 6 = 3.40 cm. 

@ Considerable sensitivity to the small gap between paper and electrode 
surfaces. 


at frequencies below 1 mc, considerably influences the 
apparent capacitance and dielectric absorption. Some 
preliminary experiments with metal gliding electrodes, 
Fig. 11, showed high sensitivity to the surface pressure, 
the speed of paper movement, smoothness of material 
and air humidity. The practical advantages of the 
electrode system of Fig. 10c are so considerable that this 
arrangement cannot be ignored. 

The results of the calculations for a newsprint sample 
with six electrode systems and three sources of error 
are assembled in Table I. It presents the values of 
the different factors which would cause an 0.2% error 
in moisture determination on the basis of capacitance 
variation similar to that given in Fig. 7. 

Table I shows that none of the electrode systems 
described can be used immediately for moisture deter- 
mination by the capacitance method. ‘These limita- 
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tions would, however, only slightly effect the moisture 
determination on the basis of measurements of the 
dielectric absorption. 

With pulp and veneer the fill factors are higher and 
there are appreciably less difficulties in the design of an 
electrode system for the simultaneous measurement of 
capacitance or phase change and dielectric absorption. 

An open microwave beam might be. applied for mois- 
ture determination in solid wood. Temperature for 
such measurements is usually constant and known. 
The absorption and phase change measurements would 
replace capacitance and specific gravity measurements 
of one of the known best methods (7). 


MEASUREMENT COMBINATIONS 


The analysis of the properties of the material and 
electrode systems leads to the conclusion that for mois- 
ture determination it is most favorable to use attenua- 
tion measurements at 1 X 10” to 2.5 X 10” cycle per 
second. They must be complemented by basis weight 
and temperature measurements because otherwise a 
10% change in basis weight would cause about 0.8% 
error and change in temperature of 10°C. would cause 
0.7% error in moisture determination. This estimate 
is valid for newsprint with 8% moisture content. 

An automatic control system comprising a moisture 
meter with basis weight and temperature corrections 
is described by Yasukawa (12). The methods used 
to determine these corrections were not published.* 

Basis weight and temperature can be measured, e.g., 
be beta-ray gage and temperature gage, but they can 
at least partially be determined from measurements 
of dielectric properties of the sample. Further, the 
problem is approached from a more general point of 
view by a consideration of the possible combinations 
of the measurable variables; which could yield the 
three unknowns, moisture content, basis weight, and 
temperature in a more efficient way. 


and basis weight determination by absorption measure- 
ments only. 

The changes of temperature-dependence of absorp- 
tion due to the variation of frequency has been too littie 
investigated. With present knowledge it is impossible 
to estimate the accuracy to which the temperature of 
the sample can be determined from absorption measure- 
ments only. It is expected that such determination 
will not be sufficiently accurate. 

The most efficient solution for the second measure- 
ment would be a capacitance or phase change measure- 
ment parallel to one of the absorption measurements. 
This requires a more elaborate electrode design. At 
present the development of a practical apparatus mak- 
ing measurements at the edge of the sheet with suf- 
ficient accuracy for automatic control of manufactur- 
ing appears possible. 

‘As one example of a more elaborate electrode system, 


the following considerations illustrate the possibility — 
of temperature and gap variation compensation for — 


microwave electrodes (Fig. 10d). 
the wavelength in waveguide for the TE; mode is: 


i ® 
2a 
= wavelength in free space. 
a = wide dimension of the guide, Fig. 10d. 


Mechanical instability of supports causes variations 
of the width, a, at the same rate as the gap between the 
electrodes. The equation shows that two cavities can 
be designed, with different widths, a, and lengths, J, 
giving the same total variation of the phase due to the 
gap variation, but having different sensitivity to the 
sample. 

The equal sensitivity of two cavities to temperature 
variations can be adjusted by the volume of dielectric 
insulation walls, Fig. 10d. 


TABLE Il 
Temperature, -——Alttenuation in nepers, (a2 and A—at M = 8%)——~ -—Phase change in mm. (dz and D—at M = 8%)—~ 
TEs ao a aM A do di doM D/B 
40 —0.045 0.070 0.430 0.385 1.58 1.79 0.85 2.43 
55 —0.035 0.111 0.503 0.468 1.62 1.84 0.98 2.60 
70 —0.027 0.153 0.579 0.552 1.66 1.89 1.12 218 
85 —0.020 0.195 0.655 0.635 1.70 1.94 1.26 2.96 


In the case of capacitance or dielectric absorption 
only the second can be utilized without the introduction 
of new undesirable variables. Basically it is possible 
to select three different frequencies such that in each 
of three simultaneous, separate absorption measure- 
ments the unknowns would enter at different rates. 
This would lead to three equations with three unknowns, 
from which the unknowns could be obtained by analog 
computers. 

In the frequency regions of 10% to 10* and of 10’ to 
about 10” cycle per second ‘the absorption increases 
approximately by a factor of 3 for the first 8% of mois- 
ture content. In two other regions it is almost inde- 
pendent of moisture content, one at 10° to 10’ and the 
second over 101! cycles per second, not shown in Fig. 5. 
Consequently four different frequency combinations 
are available for the simultaneous moisture content 


* Recent correspondence showed that the system described appears to be 
the original solution using microwave absorption. 


322 


Connection of two such cavities to opposite arms of 
a microwave bridge may produce cancellation of the 
errors due to variations of the gap and temperature of 
the electrodes. 


EXPERIMENTS 


A few experiments were carried out with audio 
frequencies and they confirmed the relations described 
above. 

The major series of experiments was related to a 
study of the possibility of simultaneous determination 
of basis weight and moisture content in newsprint using 
the phase change and attenuation measurements of 
microwaves. A frequency of about 3 X 10° cycle per 
second appeared unfavorable for this purpose because 
of the relatively low fill factor, capacitance variation 
due to the sample being only 3 X 107%, Table I. The 
requirements for the gap stability, 10~4 in. with un- 
compensated electrodes, was too high for practical 
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The equation for — 


apparatus. No experiments were carried out on the 
degree of possible compensation of the gap variations. 

Measurements of general interest and representing 
practically the only available quantitative information 
on the relations between the moisture content and tem- 
perature are presented by Figs. 8 and 9 and Table II. 
The table gives the values of the constants shown in 
the figures. The sample was a newsprint sheet 7-in. 
wide, with dry weight B = 36 lb. (25 * 40 — 500), the 
frequency is 2.4 X 10" cycles per second, A and D cor- 
respond to the moisture content M = 8%. 

All these measurements showed a higher spread of 
single measurements from the average value than would 
be expected on the basis of inaccuracy of the equipment. 
This spread increased with moisture content. A similar 
spread was also found in the measurements published 
by different investigators (1, 11.) 


SUMMARY 


All known marketed apparatus (2, 13-15) was ini- 
tially designed for moisture determination on the basis 
of a single measurement of one of the dielectric proper- 
ties of the sample. The considerations presented show 
that under practical conditions at least three different 
simultaneous measurements are necessary for automatic 
moisture control because any single measurement de- 
pends upon the basis weight and temperature of the 
sample. Two of the three measurements needed can be 
absorption measurements at two different frequencies. 
One could be a capacitance measurement if the influence 
of the gap and electrode temperature is sufficiently 
compensated. 


A few versions of the apparatus designed on the basis 
of the described principles are disclosed in one pending 
patent, but it is felt that the study of dielectric prop- 
erties of paper at high frequencies should be continued. 
More experimental information on the frequency spec- 
trum of dielectric properties at different temperatures 
and moisture contents would considerably accelerate 
the development of practical instrumentation for mois- 
ture determination. 
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Effects of a Decay Producing Organism, Penitophora 
gigantea (Fr.) Massee, on Quality of Pulp from 
Jack Pine” 


W. MecNEEL, JR., R. D. SHENEFELT, T. A. PASCOE, and T. C. SCHEFFER 


A study designed to measure losses by insects attacking 
jack pine pulpwood in Central Wisconsin was initiated by 
the Nekoosa Edwards Paper Co. Direct measurements of 
wood losses caused by insect activity were obtained, but it 
was extremely difficult to measure their influence on pulp 
quality. It was found, however, that the amount of wood 
decay, caused almost entirely by the wood rotting or- 
ganism Peniophora gigantea (Fr.) Massee, and the amount 
of blue stain was considerably less in pulpwood where in- 
sects were controlled. This association between insect 
abundance and amounts of P. gigantea led the investiga- 
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tors to determine the effect of this wood rotter on pulp 
quality. Increases in the percentage of decay in pulpwood 
caused significant decreases in burst, tear, tensile 
strength, caliper, opacity, and probably folding endurance 
of pulp. A slight increase in pulp yields during storage 
was very probably due to the type action of P. gigantea 
on wood components. Pulpwood, and consequently pulp, 
is variously affected during storage depending on the con- 
ditions that favor or retard fungus growth. A measure- 
ment of decay is a far better estimate of the quality of 
pulp than other criteria such as length of storage. By 
determining the amount of decay in jack pine logs, it is 
possible to estimate the value of the pulp obtained. 


DurING a study designed to determine the influ- 
ence of insects in stored jack pine pulpwood, it became 
apparent that there was a definite association between 
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insect infestation and abundance of blue stain and 
wood rotting organisms (McNeel, et al. ( )). Fungus 
development was retarded for at least 9 months by 
preventing the insects from entering. Although direct 
wood losses due to insects can be determined (McNeel, 
(2), unpublished Ph.D. thesis), it is extremely 
difficult to measure their direct influence on pulp 
quality. However, the amounts of decay are correlated 
with insect activity, and the effects of decay on pulp 
yields and pulp quality are determinable. Results of 
this phase only of the investigation are reported herein. 

The fungi which prevailed were almost exclusively 
blue staining species of the genus Ceratostomella and 
the wood rotter, Peniophora gigantea (Fr.) Massee. LA 
gigantea seems to be the most prevalent decay producing 


fungus in green pine wood in both the North and South 
and probably accounts for most of the early pulpwood 
decay in the southern and Lake States regions. Pulp- 
wood deterioration studies on northern tree species by 


Pascoe and Scheffer (3), and McNeel, et al. (2), and on 


southern pines by Lindgren (4, 9), and McGovern, et 
al. (6), all were concerned with this organism. This 
fungus, like other decay organisms, attacks the tracheids 
which are the important structural elements of soft- 
woods. As a consequence of infection, therefore, the 
wood sustains losses in both weight and strength. 

Blue stain fungi appear to be of much less conse- 
quence to the paper industry than decay producing 
organisms. According to Curran and Behre (7), 
Chidester, et al. (8), Chapman and Scheffer (9), Cart- 


Table I. Average Percentages Superficial and Volume Blue Stain and Decay and Wood Densities of Sprayed and 


Untreated Wood Cut at Monthly 


Intervals After Different Storage Intervals 


Superficial Volume Superficial Volume 
Months ——— blue stain % — ——— bule stain, % — decay, Yo decay, % = 
0. Diff. Diff. Diff. Diff. -—— Densities—— 
storage Untrid.c Trtd.® % Untrtd. Trid. % Untrtd. T rtd. % Untrtd. T rtd. % Untrtd. T rtd. 
Cut in April 
3 2375) 103 56.2 40.1 16.9 7 ates @.1 (Vial 0 0.4 0.1 97.5 24.1 24.2, 
6 GORAEEEO MO 4.8 89.3 27.4 S0NZ 13.0 0.4 96.7 22.6 iy? 90.2 OA 2 Pease 
9 AGLON olao 19.4 30.0 19.0 36.6 29.2 eA: 81.5 2.071020 52-3 25.2 24.4 
16 16.00 208%) —=2277 18.8 14.4 3 Pray FORT (Ano 69.2 62.8 9.2 24.1 24.1 
26 12Fo 225 0 22.2 5) Thins (hy Uo 0 49.5 65.8 PAT 24.4 24.2 
Cut in May 
3 36.5 26.0 28.7 SO eel AO ie).83 Dee 0.34 86.4 1.6 ist Shee 24.8 DASE 
6 3985) "619 —35.7 SO OOS —8.7 88.9 12.4 68.1 Be Dh NFO, 79.2 24.3 24.8 
9 3139. 46.5 —31.3 39.0 Pie 54.6 68.0 7.6 88.8 43.6 15.4 64.6 25.4 2591 
15 9.5 17.4 —45.4 AoE —64.5 90.5 83.4 78.4 87.5 64.5 26.2 24.3 23.0 
26 222 One. 30.2 Oe Oman onc Al) 73.8.) Sore) IY 74.6 66.2 ties 23.9 PE 
Cut in June 
1 3} 0.3 oul 0 2.5 —100 0.1 Weil 0 0.1 0.1 se Doe 24.2 
2 ADK mme2 nS) eee on. 22,0 Ted 67.2 Ont Oeil 0 0.9 0-2 CHEETA 24.4 24.8 
3 Om OO, —7.6 SOn4 neon 36.2 28.0 8.4 69.8 9.0 4.8 50.0 DAal 24.2 
4 36.5 54.0 —82.4 2623) Pees —3.6 Sif 5 9.0 84.3 56.5 2.6 95.3 24.0 24.3 
5 2560 542.0) oor” 18.4 21.0 —12.4 72.8 6.8 90.6 66.8 14.3 (O20 23.9 24.1 
6 39.8 66.38  —39.9 VeOer-30b6e —siles 59.0 0.6 99.0 56.0 eal 90.8 24.2 2A 
7 29.3 52.0 —43.6 20.0 28.0 —40.0 6025) S16R6 An 76.0 8.0 89.4 25.4 24.3 
8 29.9 60.4 —50.4 23.6 18.4  —82.0 66.9 6.0 91.0 60.6 2.6 95.7 24.1 24.9 
8) 36.2 46.3 —21.8 20.0 26.4 — 32.0 61238 10.8 82.4 69.8 9.0 87.1 24.8 23.8 
25 Sr One Le Omnia Suse how —76.3 97.0 89.0 8.2 O15” -82e5 9.8 23.4 Dose 
Cut in July 
3 (13 48,8 38.6 bond. 2950 48.6 22.0 6.9 68.6 6.0 3.6 40.0 Dae, 24.1 
6 50.0 49.8 0.4 AS LOM es os0 13.9 Bere POXDS7/ 37.6 TOL) OzO, 44.2 24.2 DAN 
9 42.0 30.5 DAT 33 NGS, ORR o2n0 PA (0) 7.9 84.9 22,2 5.6 7 fe 23.4 2A 
ilies 9.6 12S —21.9 16.6 9.5 Agen 83.6 82.8 0.9 50.8 65.8 —22.7 24.9 ZOz0 
24 leeds 7.4 —22.9 7.6 4.7 38.1 91.0 87.0 4.4 FLO CLE —0.9 22? 23.50 
Cut in August 
3 (GG ABI DOWG 34.8 5.8 83.3 15 0 100 0.4 0.8 —50.0 23.8 DOE: 
6 50.3 29e2, 41.9 20.6 9.9 51.9 33, 1 7. 45.1 0.1 0.1 = 26.6 25.4 
9 AA Saez 0) 39.0 24.2 5.0 79.3 21.9 a 64.7 Ons 1.0 —33.3 24 .6 24.8 
13 PAM M5) 27.0 —20.4 1724 18.8 —7.4 T2.2 328 Hone 49.8 35.4 28.9 ED) 24.0 
23 Sa Ae 4088 15e2 8.8 AD) I 80c7 N69 15.8 80.9 49.1 38.4 DOM 24.0 
Cut in September 
3 0 0 me 0 0 As 0.1 0.1 On: 0.1 all 25.9 
6 0-461 75.0 0 0 0 OA rol Onin uae 24.9, 24.5 
9 B22 QP 72.0 DP), NR 33.0 On? 0 100 7.6 7.6 0 953° Sio4°9 
12 PK. 1S3.al 33.0 38.8 4.5 88.4 65.8 S00 84.8 21.8) =23-4 —6.8 24.6 24.3 
DD 10.5 Ono 47.6 5.2 29) 44.2 SOL0n eal PAN) AL 93.8. 66.5 29a Zope DES ES 
Cut in October 
3 0 0 se 0 0 = (0) 0 Ea 0) 0 Re 2ono P43) 
6 OFSh 0.2 22.2 O58) 20 100 0 0.2 —100 0 0 2 ay feat 
9 6ieon 1050 83.7 4.9 8.3 —40.9 17.3 1s 92.7 12es 5.9 52.0 24.4 25.0 
il 16.8 ike —2.3 WeZ 39.3 —56.2 64.2 19.1 67.0 Dao Ns. 40.3 24.6 Zon) 
21 oll Both 0 5.6 8.0 —30.0 81.8 81.8 0 TO aoe 14.3 orm Dome 
a Untreated. 
b Treated. 
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Fig. 1. Jack pine pulpwood logs being examined for 
insects and fungi at the Nekoosa storage yard 


wright. and Findlay (10, 11), neither wood nor pulp 
suffers objectionable losses in strength from stain. 
The authors of the latter three works report that only 
toughness is appreciably affected by stains. The 
generally mild effect of blue stain fungi on strength is 
attributable to the fact that these organisms feed on 
starches, sugars and other soluble or semisoluble ma- 
terials contained in the wood cells, and sparingly, if 
ever, attack the tracheids (Kress, et al. (12)), (Scheffer 
and Lindgren, (/3)). Although quantitatively meas- 
ured in this study, blue stain appeared to be of little 
concern and its influence on pulp quality was not ana- 
lyzed. 


PROCEDURES 


In the Cutting Area. Jack pine, Pinus banksiana 
Lamb., was selected for study as it composed the bulk 
of the softwood pulped by the Nekoosa Edwards Paper 
Co. The wood was taken from a stand of trees ap- 
proximately 40 years old with an average d.b.h. of 
about 7 in. One hundred logs, roughly two cords, 
were cut each month from April through October. 
One cord served as check material; the other was 
sprayed with benzene hexachloride emulsion im- 
mediately after cutting. Following spraying, the logs 
lay in the usual decks in the woods for a month and 
were then hauled to the storage yard and placed on 
skids. Extra logs were piled over the test logs to 
stimulate natural yard conditions. 


Fig. 2. Heavy surface growth of P. gigantea mycelium in 
bark beetle galleries 
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PER CENT YIELD 
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Fig. 3. Per cent yield after storage 


In the Storage Yard. ‘Ten logs from each cord were 
examined at each of five different periods to determine 
the status of insect populations and injury and that of 
the fungi. The first three examinations were made 
after 3, 6, and 9 months’ storage, but the intervals for 
the last two examinations varied somewhat. The 
maximum period of wood storage was 26 months for 
wood cut in April and the minimum 21 months for 
wood cut in October. A total of 1170 logs were 
examined (Fig. 1). Because of the detailed examina- 
tion and recording necessary to follow the events which 
were occurring it was impossible to work with a larger 
number of logs. 

The amounts of blue stain and decay were recorded 
in two ways: (1) as per cent of log surface covered by 
stain or Peniophora mycelium (Fig. 2), and (2) as 
per cent of volume affected. To determine the latter, 
two l-in. disks were cut from each log, one from the 
center and the other 16 in. from the butt end. The 
volumes affected were considered to be equivalent 
to the percentages of total area affected on the faces of 
the disks. Inconsistencies were kept to a minimum by 
having only one appraiser. A close correlation was 
found between estimations of per cent surface affected 
and volume of decay. However, volume estimates 
were employed as they seemingly provided a truer 
estimate of the total wood decayed. The average 
percentages of superficial and volume estimates of both 
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Fig. 4. Regression of per cent decay and Mullen value 


325 


Table II. Results of Pulp Tests Made on Treated and Untreated 


Months 


—t Tear¢ Pulp values——~ ——Tensile strength—— 
aut ales ee "Wea. i Soa ages T rid. Untrtd. T rtd. Untrtd. T rtd. Untrtd. Trtd. 
i 43. 44.1 289 306 294 595 592 74.1 80.1 
a : 43 : 43.6 300 287 294 587 600 82.5 82.1 
9 44.0 43.5 306 256 242 562 516 78.9 79.5 
11-16 44.1 43.9 294 236 265 530 561 76.3 79.0 
21-26 46.4 42.1 291 244 271 535 566 83.0 74.9 
May 3 44.2 45.4 291 333 372 624 655 (AWG 78.4 
6 44.1 41.5 308 278 313 586 622 78.2 80.6 
9 44.2 45.1 285 260 270 545 562 82.6 79.5 
11-16 45.1 46.5 296 253 242 549 547 71.9 81.4 
21-26 46.7 43.6 296 283 267 579 555 74.9 74.7 
June 3 42.8 43.1 299 335 313 634 614 78.2 81.3 
6 44.1 44.9 283 356 334 639 662 1521 80.1 
44.2 43.6 278 282 325 560 627 81.8 80.8 
21-26 46.7 44.8 278 289 277 567 567 74.1 71.0 
July 3 44.5 45.5 291 322 317 613 614 83.3 81.8 
6 43.4 44.4 299 286 305 585 629 80.6 87.5 
9 42.1 45.3 297 315 325 612 607 82.8 80.0 
11-16 44.8 44.1 315 FAUT 240 592 566 83.4 81.4 
21-26 46.4 Ala 298 270 278 568 569 - 74.2 73.6 
Aug. 283 40.8 44,2 301 317 356 618 688 76.8 79.5 
d 6 45.6 44.6 314 284 309 598 611 85.1 82.9 
9 45.8 46.8 293 308 293 601 599 79.6 82.7 
11-16 43.8 46.1 305 298 266 603 587 74.8 81.6 
21-26 43.0 45.6 280 245 307 525 600 yes | 70.4 
Sept. 3 43.1 44.6 329 336 370 665 681 83.9 74.6 
6 42.8 44.1 314 308 287 622 578 86.3 76.9 
47.2 44.3 316 344 342 660 649 81.5 79.0 
11-16 46.1 44.3 312 301 315 613 642 78.7 78.9 
21-26 45.4 45.2 278 269 244 547 536 68.5 71.6 
Oct. 3 43.8 45.3 309 298 298 607 604 82.2 87.1 
6 41.3 46.7 299 341 351 640 661 80.4 84.3 
9 47.1 47.4 300 379 376 679 678 78.4 75.4 
11-16 44.3 44.0 298 290 291 588 604 74.4 78.7 
21-26 45.2 45 .2 277 239 310 516 603 (74-25) IZ.3 


@ Untreated. 
b Treated _ J er, 
¢ Figures given are sums of 30- and 50-minute beating intervals. 


decay and blue stain as well as densities of the test 
wood are included in Table I. 

Both Pascoe and Scheffer (3), and Lindgren (4) 
measured decay by another criterion called the decay 
index, which takes into consideration the stage of 
decay as well as the volume of wood affected. This 
index was not employed, however, because of the ob- 
servations by Lindgren that when the decay is 
caused largely by Peniophora gigantea and does not 
exceed 80 to 90%, an estimate only of the volume af- 
fected is a satisfactory measure of the magnitude of 
the decay. 

At the Mill. After examinations were completed 
and disks removed, the log sections were hauled to the 
mill and run separately through a chipper. The 
chips were thoroughly mixed and a sufficient quantity 
for test cooks were screened. Chips were then taken 
from a mixture of the screenings and cooked. Dupli- 
cate and often triplicate kraft cooks consisting of 3000 
g. of moisture-free wood, were made for each lot of 
wood. Results are included in Table II. 

The cooks were made with 1 g. of ovendry chips to 
3.8 ml. of total liquid. The chemical consisted of 600 
g. (20% of weight of ovendry chips) of active alkali 
in the form of NaOH and NaS (expressed as Na,O), 
with the Na,O forming 30% of the total alkali solution. 
The chips were cooked in a small digester for 4 hr. 
and the temperature was raised at designated time 
intervals, the schedule following that used under mill 
conditions. 


Room temperature to 100°C............ 15 min. 
LOO ORI 252 pix eer ee ee enone tate 30 min. 
2nxtomiOe Chee nt cal sree eee 21/2 br 
IPA DAC) 2 bes Soccer sch ue ere RN enti 5k. ist dah 1 
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After cooking, the pulp was washed and screened. 
The per cent yield was calculated by dividing the oven- 
dry weight of the pulp by the ovendry weight of the 
chips cooked. As a measure of the reactions of the 
various wood samples to a standard cooking procedure, 
permanganate numbers were determined for each pulp 
using TAPPI Standard T 214m-50. Physical qualities 
of the pulps were determined using essentially TAPPI 
Standard T 200 m-45, T 205 m-53, and T 220 m-53. The 
figures used for comparison were obtained by adding 
the burst and tear results for the 30 and 50-min. beating 
intervals. These figures were in turn averaged for the 
duplicate cooks. A single pulp quality index was used 
in some of the comparisons. This was obtained by 
adding the values above referred to for the bursting 
strength to the values obtained for the tear strength. 
This index was termed the “pulp value.” 


RESULTS 


Correlations between decay and pulp quality criteria 
are given in graphic form. These should be useful 
in estimating pulp quality from jack pine logs. A 
review of the literature reveals many articles dealing 
with changes in pulp quality during storage. However, 
length of storage and conditions in the cutting areas 
and yards are often unknown. Regardless of the past 
history of the wood, the per cent infection by decay 
can be estimated. Decay, not length of storage, 
is the criterion affecting pulp quality. It is evident 
that old wood stored under ideal conditions may have 
less decay and give pulp of better quality than compara- 
tively fresh wood cut and stored under situations 
favorable for rapid development of decay. These 
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Wood, Cut in Different Months and Stored for Various Periods 


——— Caliper e———_. _——-Pulp density¢ — i er c ‘ c 
Untrtd. Trtd. UR re Pia Tee ee” ee aoe a 
6.6 6.7 28.0 27.8 181 182 That aa 2571 2958 224 2.4 
6.7 6.5 27.7 28.7 183 181 “ 2861 3397 21.5 30.2 
6.5 6.6 27.8 28.0 181 181 an 6.4 3927 2261 21.8 DES 
6.1 6.2 2955 29.6 176 174 6.7 6.4 8 +s WS 24.5 
(a4 5.9 ONT, Stall 174 166 6.3 6.9 4050 4319 26.2 26.9 
7.5 lends 2AN3 WHS Th 185 185 at Le 3060 3290 ZO PAIL? 
6.2 6.4 29.7 28.3 176 180 ae = 2577 2744 20.7 Ziel 
6.5 6.4 28.3 28.2 184 178 6.4 DL: 1879 2714 20.8 19.7 
6.0 6.5 29.6 28.4 176 179 5.4 6.1 Hes 2 Doe 26.3 
6.0 6.0 Sek 30.9 ala) 172 Ua (71 4445 4572 Dili 28.1 
6.8 6.5 26.9 28.1 179 181 oft ae 3479 3503 18.8 19.0 
6.8 Gnd 27.6 PHY Pe 180 177 — ae 3066 2337 21.6 20.9 
6.5 6.8 28.3 20.0 183 182 5.6 6.4 2029 2162 20.3 22.4 
6.1 5.9 30.0 31.0 168 167 One UgPa 4734 5000 26.5 26.2 
6.6 6.5 DAH oS 28 .2 182 179 Abs mis 2984 3471 25 22.4 
O47 6.6 Dio Pron | 180 182 6.2 6.4 1683 1748 19.3 19.9 
6.6 7.0 210 26.8 176 180 7.4 6.8 2479 an 21.4 21.0 
6.4 6.2 28.9 2982 175 7S 6.1 oo Re, Bhi 22.9 24.8 
6.1 6.0 30.3 30.3 173 166 Gua 6.2 4752 A775 Dl Pe 24.3 
6.4 6.8 291 Pei 3t5) 177 181 rie ard 3702 2872 18.9 19.8 
6.4 6.5 27.9 Dank Lk 4 181 bya eae 2195 1789 20.1 18.3 
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graphs, then, offer convenient criteria for estimating 
pulp quality from any batch of jack pine logs. 
Analyses of variance by Snedecor, (/4) were made on 
all pulp data in Table II to determine if significant 
changes in pulp quality occurred during storage or 
were affected by season of cutting or treatment. 
The analyses showed that season of cutting had no 
significant influence on wood stored for storage periods 
up to approximately 2 years, the length of this study. 


Pulp Yields 


Pulp yields were significantly changed during storage 
(F=4.26; L.S.D. 5%=3.16). As it was found that 
no significant difference existed in yields between treated 
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and untreated wood, all test wood was combined and 
the averages at the different storage intervals are 
shown in Fig. 3. 

Slight increases in yields occur with increase in decay 
(although not of sufficient magnitude to be detectable 
by a test of correlation significance) indicating that 
there might be a weak but somewhat selective action on 
lignin by the organism. 

Similar increases in yield during storage were ob- 
served by Rue, Miller, and Humphrey (/5), Schwalbe 
(16), and Riley (17), all of whom found that yields 
of pulp cooked on a weight basis increased after wood 
storage and infection by certain fungi. The slight 
increase detectable in this study may be due to the 
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action of P. gigantea, which Davidson et al. (18), 
found to react in the oxidase test as a weak white 
rotter. McGovern, et al. (6), and Lindgren (5) report 
this organism to be intermediate in its action on 
wood between white and brown rotters. It attacks 
the cellulose and lignin more or less proportionately, 
thus causing no large change in relative amounts of 
these wood constituents. However, since the digesters 
are filled on a volume basis the effect of loss of wood 
density is one of loss of actual yield per unit of volume. 


Tests for Pulp Quality 


Analysis of variance of the data in Table IT indicated 
that burst is significantly decreased as decay increases 
(F=6.35; LS.D. 5%=3.16). Tests for common 
regression between the treated and the untreated wood 
showed that no significant differences in the two re- 
eressions existed (F=1.01; L.S.D. 5%=3.99). The 
correlation between decay and mullen values for all 
wood was significant, and the common regression at the 
separate storage intervals is plotted in Fig. 4. 

Tear values were much more sensitive to the influence 
of decay than burst. These values changed significantly 
as the decay increased (F=18.78; L.S.D. 5%=3.16). 
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No significant differences between the regressions of 
treated and untreated wood existed (F=0.469; L.S.D. 
5% =3.99). The correlation between decay and tear 
values for all wood was significant, and the common re- 
gression plotted (Fig. 5). 

The significant decrease in pulp value obtained was 
expected, as both burst and tear values showed sig- 
nificant decreases. Tests for the common regression 
showed that there were no significant differences be- 
tween the regressions of treated and untreated wood, 
and a common regression was plotted (Fig. 6) to show 
the relationship between pulp value and volume of 
decayed wood. 

Tensile strength was significantly reduced as per- 
centage of decay increased (F=18.40; L.S.D. 5%= 
3.16). There was no significant difference between the 
regressions of treated and untreated wood (F=0.222; 
L.S.D. 5%=3.99). The correlation between tensile 
strength and decay was significant, and the common 
regression is shown in Fig. 7. 

For some reason caliper was significantly reduced as 
decay increased (F=39.48; L.S.D. 5%=3.16). No 
significant differences existed between the regressions 
of the treated and untreated wood (F=0.149; L.8.D. 
5%=3.99). The difference in caliper at different 
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storage periods for all wood was significant and a com- 
mon regression calculated and plotted (Fig. 8). 
Apparent density increased with the amount of 
decay (F = 43.94; L.S.D.5% =3.16), significant increases 
occurring after 9 months of storage. No significant 
differences existed between the regressions of treated 
and untreated wood (F=0.840; L.S.D. 5%=3.99). 
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Fig. 11. Per cent changes in pulp test criteria during 
storage 


The correlation between apparent density and decay 
was significant and a common regression was caleu- 
lated and plotted (Fig. 9). 

Opacity was significantly reduced by decay. It was 
the only pulp quality which proved to be affected by 
season of cutting. No significant difference in the 
regressions of treated and untreated wood existed 
(F=2.83; L.S.D. 5% =3.99). The correlation coefhi- 
cient was significant, and the common regression was 
determined and plotted in Fig. 10. 

As Table II indicates, only scattered tests were made 
to determine the effects of decay on stretch and folding 
endurance. These data were too sparse and variable 
to analyze statisti¢ally. No definite indication was 
apparent of how stretch was affected. Folding endur- 
ance was reduced 35% between the 3 and 11 to 15- 
month storage interval, but after 21 to 26 months 
storage was 28% higher than the initial value obtained 
at 3 months. Martin (19) reported a 40% decrease 
in folding endurance after 26 months’ storage of jack 
pine in northern Minnesota. The changes observed 
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during storage for these criteria and all others men- 
tioned are given in Fig. 11 in percentages. 


Decay results in a serious loss in pulp quality. The 
more sensitive properties: tear, caliper, opacity, and 
in all probability folding endurance, are easily deter- 
mined and show the reduction in value (Fig. 11). 
Paper which must meet high requirements in these 
features should be made from as fresh wood as possible. 
Burst, tensile, and stretch values appear to be affected 
least adversely during storage. 


SUMMARY 


Peniophora gigantea was found to be the only impor- 
tant wood rotting fungus in the jack pine logs used in 
these tests. This organism is one of the most potent 
decay-producing fungi in pine and is one of the com- 
monest rotters found in coniferous logs in the south and 
Lake States regions. 


Wood, and consequently pulp, is variously affected 
during storage depending on conditions that favor or 
retard fungus growth. The effect of decay on various 
pulp qualities is shown. By determining amounts of 
decay in jack pine logs, estimates of the value of the 
pulp may be obtained. 


A slight increase in pulp yields during storage was 
very probably due to the action of P. gigantea. 


Increases in the percentage of decay are correlated 
with decreases in burst, tear, tensile strength, caliper, 
opacity, and probably folding endurance. These 
changes all result in poorer quality and a weakened 
pulp inferior to that made from noninfested wood. 
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Paper Machine Inlet Performance in Relation to the 
Fourdrinier Wire 


HERBERT C. NELSON 


Much has been written in a general way about the design 
and performance requirements of wet-end equipment. 
This paper presents specific information from the field and 
laboratory in an attempt to facilitate a better understand- 
ing of wet-end operation. The general requirements of a 
paper machine inlet are reviewed in terms of its function 
and hydraulic performance. Field measurements that 
characterize specific flowspreaders and slice performance 
data obtained in both the laboratory and the field are pre- 
sented. This includes a description of the relationship 
existing between slice setting and jet angle which is of 
interest to both the designer and operator. 


Tue principles and practices of papermaking 
have largely developed as an art over the last several 
centuries. In ancient times these practices were 
handed down from father to son through a long line of 
family ancestors. In more recent times they have been 
passed on from one papermaker to another. Follow- 
ing the industrial revolution and particularly during 
the last two or three decades, requirements of our 
modern and competitive society have placed such 
demands for greater efficiency, greater flexibility, and 
higher speed on process equipment that the develop- 
ment of this art has been inadequate. A general feeling 
has developed throughout the industry that a science 
of papermaking must supplement this art if real and 
continued progress is to be made in process and product 
improvement. This, of course, requires an under- 
standing of basic principles underlying all aspects of 
the process. 

The need for better understanding of wet-end opera- 
tion was emphasized at Appleton, Wis., in 1954 (1) and 
then re-emphasized more recently in Montreal, Can. 
in 1956 (2). Engineers and scientists, many from 
within the industry but also some from without, have 
responded with a steady flow of published material. No 
effort will be made here to review this literature. In 
general, it calls attention to design and performance re- 
quirements of wet-end equipment based on existing 
knowledge in the general field of fluid mechanics. Some 
of the published information has been specific enough to 
be of real value to both the designer and operator. 

Several years ago a program was established within 
our own research and development organization to learn 
more about wet-end operation, to search for related 
technology in other fields and apply this to paper 
process problems, to evaluate existing equipment in a 
search for points of weakness and strength, and to 
make improvements in old and new equipment where 
this was both possible and desirable. A complete sum- 
mary of accomplishments would be beyond the scope of 
this paper even if it were restricted to those relating 
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only to inlet performance, and much of it would be 


repetitious since others have reported similar work. 
Instead, just a few results assumed to be of real interest 
and value to the industry have been selected for pre- 
sentation. They include: 

1. Field evaluation data which characterize two 
types of flow spreader. 

2. Field data that demonstrates the effectiveness of 
the distributor roll as a means for correcting bulk flow 
defects. 

3. A description of an experimental study re- 
lating slice setting and jet performance. 

4. Field data that call attention to the effect of 
temperature stress distortion on slice performance. 


THE INLET 


The inlet of a paper machine should perform at least 
three major functions whether it is used to produce 
newsprint, bookpaper base sheet, or fine papers: 

1. It should accept a furnish from the fan pump 
system and distribute this uniformly across the machine. 
This, supposedly, is accomplished with the flow spreader. 

2. It should disperse fibers to produce a homo- 
geneous suspension of fibers in water, or if a dispersed 
condition already exists when the furnish arrives at the 
inlet, this condition must be maintained. A variety of 
agitators or turbulence generators are employed for this 
purpose, among which are included perforated plates, 
distributor rolls, and over-and-under baffles. 

3. It must present this stock suspension to the wire 
at the proper consistency and in the form of a wide 
jet of uniform thickness without local flow defects. 
This should be accomplished by the slice. 

Through the years, paper machine inlets have as- 
sumed a variety of sizes and shapes, but they all per- 
form essentially the same functions as those listed 
above. 


THE FLOW SPREADER 


Flow spreading of good quality and the elimination 
of cross currents from headbox flows are frequently re- 
ferred to as being essential requirements for good inlet 
design and performance. They certainly are reason- 
able requirements. Those of us who are familiar with 
the principles of fluid mechanics and hydrodynamics 
are aware of problems experienced in wind- or water- 
tunnel test sections because of defects in approach 
flows. It is natural then to expect similar experiences 
with paper machine inlets particularly when these de- 
fects occur in flows approaching the slice. So, we in- 
sist that designers adhere regidly to principles of good 
hydraulic practice when designing inlet structures. 
This is essential if the ultimate is to be achieved in 
quality of flow both within the headbox and on the 
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Fig. 1. Typical performance curve for ideal cross-flow 
spreader (adopted from Steenberg and Pettersson 
analysis) 


wire. It is not difficult to recognize the severe nature 
of these performance requirements placed on flow 
spreaders, particularly those for high-speed machines, 
when we realize that to achieve the quality of flow 
desired this equipment must accept stock from the 
fan pump system usually through a round pipe approxi- 
mately 24 to 36 in. in diameter, and provide a transition 
of flow from this circular section to a rectangular sec- 
tion as wide as the inlet and as deep as the headbox 
pond. This width may range up to 30 ft. and the pond 
depth to 36 in. on a modern high-speed machine. 
Furthermore, this stream must have vertical and hori- 
zontal velocity and fiber distributions that are essen- 
tially uniform as it flows through the headbox toward the 
slice. 


Fig. 2. Flow spreader discharge contains cross-machine 
velocity components 
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The paper machines which make up our production 
capacity provide typical examples of many flow spreader 
and inlet types which are available to the industry. One 
of the objectives of our research studies was to answer 
these questions: Just what are the characteristics 
of some of our modern flow spreader equipment? How 
does it perform in the field? Can it be improved? 
How rigid must our specifications be? 


THE CROSS-FLOW SPREADER 


One of the better and more popular flow spreaders 
available for use on conventional high-speed paper 
machines is that of the cross-flow type. Details of the 
design and performance characteristics of this equip- 
ment are truly a study in “manifold” flows. A familiar 
and simple example of the manifold is a wire or felt 
shower-pipe with tapped holes or shower nozzles dis- 
tributed at frequent intervals along its length and 
either dead ended or provided with means for re- 
circulating a portion of the total through flow at the 
other end. No extensive review of the theory involved 
in manifold flows will be presented here. The funda- 
mental problem has been discussed by Keller (3) and 
McNown (4). More recently Steenberg and Pettersson 
(5) and also Baines, Nicholl, Cook, and Mardon (6) have 
applied theories of manifold flow to the analysis and 
design of flow spreaders. Only a general understand- 
ing of manifold flow characteristics is necessary for this 
discussion. 


Gas STOCK RECIRCULATION LINE 
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Fig. 4. Cross-flow spreader, machine “‘A,”’ recirculates a 
portion of stock to fan pump suction 
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Fig. 5. 

The ‘manifold effect”? is characterized by a rising 
pressure gradient and an increasing distribution of 
discharge in the direction of flow for a manifold of uni- 
form cross section and uniform orifice area distribution 
along its length. The rising pressure gradient results 
from pressure recovery achieved as a portion of the 
total fluid is discharged through side outlets and the 
remaining axial flow loses velocity. Of course, it 
follows then that increased rates of discharge result 
from increased pressures which occur along the mani- 
fold length. Two design techniques that are used to 
compensate for this characteristic are: 

1. The use of a continuously reducing cross-sec- 
tional area along the length of the manifold. When 
properly designed this will produce essentially uniform 
pressures and discharges through a slot of uniform 
width. 

2. Holes of different size and spacing or slots of 
varying width along the length of a manifold produce 
essentially uniform discharge distributions when prop- 
erly designed. However, a pressure gradient and non- 
uniform velocity distribution is still maintained from 
end to end. 

There exists a second undesirable characteristic of 
manifold flow that may be considered a problem source 
in flow spreader applications unless elaborate steps are 
taken to correct it. That is, velocity filaments issuing 
from the discharge slot or holes have a component in 
the direction of mean axial flows within the mani- 
fold. 

In an attempt to overcome these manifold character- 
istics, cross-flow spreaders are generally so designed that 
half the total flow is introduced from each side of the 
machine. Each spreader element is of tapered con- 
struction with the large end at the inlet side, and one 
is essentially a mirror image of the other. Frequently 
a by-pass or recirculation feature is added through which 
a portion of the stock within each half of the flow 
spreader is recirculated back to the fan pump system. 
This effectively extends the length of the manifold and 
allows the flow spreader to perform in a more linear por- 
tion of the discharge distribution curve. 
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Fig. 6. Velocity distribution across flow-box when 6.3% 
of maximum total flow is recirculated 


A typical performance curve for an ideal, uniformly 
tapped cross-flow spreader with linearly decreasing 
cross-sectional area, adopted from the analysis presented 
by Steenberg and Pettersson (4), is schematically shown 
in Fig. 1. Not all flow spreaders are apt to perform 
or even be designed exactly as this one. However, 
it does serve as a model to show anticipated performance 
characteristics of the cross-flow spreader as a type. It 
is observed that a linearly decreasing cross-sectional 
area in practice can overcorrect inherent manifold 
effects. Hence, a relatively high unit discharge from 
each spreader element will occur at the inlet end rather 
than the dead end. It is further observed that a more 
linear portion of the discharge distribution curve is 
utilized through recirculation of a portion of total 
flows. Finally, it is observed that the composite dis- 
tribution of discharge for this ideal flow spreader is 
relatively uniform. 

The effect of axial flow components on discharge from 
each flow spreader element is schematically shown in 
Fig. 2. It can be expected in practice that the result- 
ing mass transfer of fluids will modify the composite 
discharge distribution curve shown in Fig. 1 and will 
cause some sort of secondary motion, particularly at the 
edges. : 


HYDRAULIC MEASUREMENTS ON 
CROSS-FLOW SPREADERS 


Machine ‘‘A” is a modern high-speed machine 
equipped with a cross-flow type of flow spreader, an air- 
pad flow-box, or air-cushioned flow-box as some prefer to 
call it, and a slice section with vertical headwall and 
flexible vertical slice bar for the top lip. Distributor 
rolls are stacked, and by-passed stock from the end of 
each half of the cross-flow spreader is recirculated to a 
point ahead of the fan pump. This machine is designed 
to run in the 2000 to 2500 f.p.m. range. General fea- 
tures of this inlet and flow spreader are shown in Figs. 
3 and 4. Notice the familiar tapered construction of 
each spreader-half. 

Velocity measurements were obtained continuously 
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across this machine at two levels in the pond as in- 
dicated in Fig. 3. Studies involved a variety of machine 
settings including two pond depths, at least two rates 
of discharge equivalent to different machine speeds, 
and several rates of recirculation from the ends of the 
two cross-flow spreader elements. The instrumentation 
used to obtain essential data is described in a later 
section. 

A number of measured velocity distribution curves 
are shown in Figs. 5 through 12. The solid line graphs 
are plotted as a ratio of point velocity to mean inlet 
flow velocity in each case to facilitate comparisons be- 
tween machines and among results obtained within a 
given machine. All distances across the machine are 
expressed in terms of a portion of the total width for 
similar reasons. Now, the general shape of velocity 
distribution curves observed in Fig. 5 is typical of all 
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Fig. 9. Velocity distribution across flow-box when 9.6% 
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data obtained from this machine irrespective.of machine 
setting. Figures 5, 6, 7, and 8 show the effects of 
different percentages of stock recirculation. Figure 9 
is comparable to Fig. 5 in every respect except that it 
involves a lower discharge rate equivalent to a lower 
speed. Figures 5 and 10 show the results of almost 
identical conditions except for pond level at the higher 
discharge rate, whereas Figs. 9 and 11 show comparable 
results at a lower rate. Identical machine conditions 
and flow-through rates existed for the results presented 
in Figs. 10 and 12, except that the distributor roll over 
the cross-flow spreader had different directions of 
rotation. 

It is quite apparent that velocity distribution in this 
inlet is strongly influenced by some inherent spreader 
characteristic. ‘The shapes of these curves are very 
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Fig. 11. Velocity distribution across flow-box when 7.8% 
of 80% maximum flow is recirculated, and pond level is 
reduced by 45% 


much like those shown in Fig. 1. However, contrary 
to what one would expect, recirculation did not sig- 
nificantly affect spreader performance. In fact, the 
shapes of velocity distribution curves and the ranges of 
velocity distribution defects are essentially identical for 
all discharge rates, recirculation rates and mean 
inlet flow velocities included in this series of studies. 
Although large variations exist in velocity distribu- 
tion across the machine at a given level in the pond and 
also between levels at a given station across the ma- 
chine, mean flow distribution is relatively uniform. In 
Fig. 13 curves are shown which represent averages 
between velocities at the upper and lower levels for three 
conditions previously described in Figs. 7, 9, and 10. 
This mean flow distribution is certainly quite good con- 
sidering the large local velocity differences that it in- 
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and flow spreader rectifier roll is reversed 
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cludes. It is characterized by a downward rather than 
an upward bow, however, as predicted for the ideal 
spreader of the Steenberg and Pettersson analysis. 

A logical question to ask at this point would be, 
“Do other flow spreaders perform in this manner, or is 
this just a characteristic of one particular machine?” 
Machine ‘‘B” is equipped with an inlet that has a cross- 
flow spreader, an air-pad flow-box, single distributor 
rolls, and a contracted nozzle at the slice with vertical 
slice bar for a top lip. The by-pass from one spreader 
element turns through 180° and enters the supply line 
for the other element. Machine ‘‘B” is about 2/3 the 
width of machine “‘A’’ and is designed for a speed range 
of 1800 to 2000 f.p.m. General features of the inlet 
are schematically shown in Fig. 14. Again velocity 
distributions were measured at two depths. The results 
appear in Fig. 15. In this instance, discharge rate was 
equivalent to a wire speed of 1900 f.p.m., and the mean 
headbox flow velocity was about 0.67 ft. per sec. A 
characteristic nonuniform velocity distribution exists 
much the same as before except that the curves are 
skewed to one side and have a much more pronounced 
“reverse tail’? at each end. Data obtained at two 
additional depths permitted cross plots of vertical veloc- 
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Fig. 14. Features of inlet on machine “‘B”’ 
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Fig. 15. Velocity distribution across flow-box of machine 
“<B? at maximum total flow-rate 


ity distributions. Several of these are shown in Fig. 
16. Notice how the higher velocity flows shift levels 
at successive sections across the machine. A better 
average curve was obtained from the four traverses 
made on this machine than from the two made on 
machine ‘‘A.” This is shown in Fig. 15. 


THE GUIDE VANE FLOW SPREADER 


Dissatisfied with the performance of flow spreaders 
existing a number of years ago, we, through our re- 
search, development, and engineering facilities decided 
to develop our own equipment. The result was a wide 
angled diffuser-type flow spreader (7) with adjustable 
guide vanes at the throat to permit control over flow 
distribution to the inlet. Let us look at the results of 
a survey made on machine “C,” which is equipped with 
a K-C flow spreader, an air-pad flow-box, single dis- 
tributer rolls, and a slice section that includes a con- 
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Fig. 16. Vertical velocity distributions at five sections 
across machine “‘B’’ at maximum total flow rate 
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Fig. 17. Physical features of machine ‘*C”’ 


tracted nozzle and vertical slice bar for a top lip. This 
machine is designed for speeds of 1500 to 1800 f.p.m. 
The physical features are schematically shown in Fig. 
17. The velocity distribution presented in Fig. 18 
was obtained from machine “‘C” and is typical of what 
can be obtained with this flow spreader when properly 
designed and adjusted for optimum guide vane setting. 
Only one curve is shown here at about 0.8 of pond depth 
because the second current meter failed to operate 
shortly before this measurement was obtained. A 
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Fig. 19. Velocity distribution across flow-box; guide vane 
setting is not optimum 


previous set of data obtained at two depths, but for a 
guide vane setting that was not optimum, is shown 
in Fig. 19. Notice that although velocity profiles across 
the machine are skewed they are parallel. High flows 
and low flows exist at the top or bottom on the same 
side of the machine rather than opposite sides. Sub- 
sequent vane adjustments produced the relatively 
uniform distribution shown in Fig. 18. Equivalent 
machine speed for this data was 1500 f.p.m. 

Velocity measurements obtained on models, Fig. 20, 
show that exceptionally good flow distributions can be 
obtained on this equipment without benefit of distribu- 
tor rolls to aid in producing uniform flows. Data 
obtained at sections shown in Fig. 20 are presented in 
Hig? W. 


INSTRUMENTATION FOR VELOCITY 
MEASUREMENTS 


A word should be said about the instrumentation 
used in obtaining information such as this before we 
proceed further with the discussion of other data. 
Velocity measurements were obtained simultaneously 


Fig. 20. The model with locations of cross sections indi- 
cated at which velocity distributions were obtained 
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spreader at three different cross-sections 


at the two levels with two Pygmy Gurley current 
meters, model 625F (8). This instrument measures 
average values of flow velocity and will detect very low 
frequency velocity fluctuations that have periods of 
several seconds. Advantages of this equipment are 
that it is commercially available, relatively small in 
size, durable, reliable, and not readily affected by bits 
of debris in the form of wood fibers which always seem 
to be present in the fan pump system regardless of how 
well the machine is flushed before work is begun. 


Fig. 22. Current meters and recorder equipment 
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Fig. 23. Traversing mechanism 


Disadvantages are that it does not measure high fre- 
quency velocity fluctuations, it cannot be used to 
determine direction of velocity filaments, and it can 
only be used for measurement of horizontally oriented 
flows. 

The current meters are mounted on a vertical shaft 
which can be traversed across the inlet continuously or, 
if one so desires, it can be stopped at selected points 
while measurements are obtained. Traversing is ac- 
complished through a variable speed motor trans- 
mission unit housed in an air-loaded head box of its 
own to prevent submersion in the event that the inlet 
is flooded during startup. The traversing mechanism 
and speed control can be operated remotely from a 
central data collection center. Signals from the cur- 
rent meters are recorded on separate strip recorders 


Fig. 24. Remote control equipment 
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Fig. 25-a. Velocity distribution across the flow-box of 
machine “A,” following distributor rolls 


which in turn can be interlocked with the traversing 
mechanism or operated independently. When inter- 
locked, the chart drive starts as the traversing carriage 
starts, and it stops when the carriage stops. The cur- 
rent meters, recorder equipment, and traversing gear 
together with a typical portable control panel for this 
equipment is shown in Fig. 22 through 24. The port- 
able control panel is essential to success. It features 
color coded connecting cords and built-in means for 
isolating segments of circuitry that may be shorted-out 
with water during trials. 

Water was used as the fluid medium in all these 
trials. 


THE EFFECT OF DISTRIBUTOR ROLLS 


Distributor rolls are generally used for two purposes, 
to agitate or disperse stock and to reduce, if not com- 
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Fig. 26. Physical features of pressure forming inlet with 
K-C guide vane flow spreader 


pletely obliterate, flow defects. In his discussion of 
“Flow Characteristics of Distributor Rolls and Per- 
forated Plates” (9) at the 1957 TAPPI Conference in 
Cincinnati, Bennett demonstrated the power of properly 
designed rolls to even out flow defects. There are two 
such “barriers” to flow existing between the flow 
spreader and slice on machines ‘‘A” and “B.” What 
effect do they have on subsequent velocity distribution 
as stock moves through the inlet? : 

Data obtained on both machines ‘‘A” and “B” 
at a position between the intermediate and slice dis- 
tributor rolls, as shown in Fig. 3 and 14, are presented 
in Fig. 25 (a) and (b). Just one set of rolls following 
the flow spreader appears to have quite effectively 
smoothed out bulk flow defects. These curves are 
typical of many obtained at this position on these 
and other machines. The slice distributor roll should 
further modify persistent flow defects and improve the 
quality of bulk flows before they reach the slice. 

It should be noted that the solidity of distributor rolls 
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Fig. 27. Variation in discharge across pressure forming 
inlet due to velocity defects in the flow spreader 
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Fig. 28. One type of slice geometry with definition of 
terms 


involved in all these studies were in excess of 50%. 
Most of them approximated 60%. Bennett recom- 
mends that roll solidity be less than 50%, perhaps 
as low as 45%, to provide adequate control of flow 
deflects and to simultaneously produce small-scale tur- 
bulence ina fiber suspension. Would a roll as open as 40 
to 45% solidity be able to overcome the velocity differ- 
ence observed in inlets on machines “A” and “B?” 
Suppose that they were not overcome. What would be 
the effect on slice performance? 

The results of trials performed on a pressure-forming 
inlet some years ago would be of value here. General 
features of this inlet, which is equipped with a K-C 
guide vane flow spreader, are shown in Fig. 26. At 
point ‘‘A” there is a set of adjustable guide vanes useful 
in the control of flow distribution in the flow spreader 
“RB” At “C” an appendage from the top inlet surface 
forms the equivalent of a slice top lip. The bottom 
inlet surface extends far enough to form the equivalent 
of an apron. Experiments were run on this machine 
to determine the effect of guide vane setting on slice 
discharge. First the vanes were set to produce an eddy 
in the flow spreader, and then slice discharge measure- 
ments were obtained by a mechanical sampling tech- 
nique to obtain the profile presented in Fig. 27. Notice 
the large differences in slice discharge which occur 
across the machine. Later the guide vanes were ad- 
justed to provide good quality flow spreading. The 
result was the relatively uniform distribution of dis- 
charge which also is shown in Fig. 27. These condi- 
tions are easily recognized to be quite different from 
those existing in the conventional headbox, but it does 
serve to emphasize the importance of flow spreading 
in this application and where the use of distributor rolls 
of more open construction is contemplated. Perhaps 
this experience warns us of problems to be encountered 
as new and different equipment is developed in the 
future. 


FLOWSPREADER PERFORMANCE REQUIRED 


How good should a flowspreader be? What level of 
excellence is justified? This is an extremely difficult 
question to answer objectively since it is so difficult 
to obtain really reliable quantitative data to support 
that answer, particularly in terms of quality in the 
paper produced. Some circumstance that casts doubt 
on results or the interpretation of results is almost al- 
ways involved when comparisons are made. Speed 
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Fig. 29. Experimental equipment used to determine the 
jet angle-slice setting relationship 


differences, machine differences, other changes made 
on a machine simultaneously with an inlet change, etc., 
are usually involved in one way or another. Of the 
spreaders examined and compared on a roughly equiv- 
alent basis none has given outstandingly superior 
performance in terms of paper formation. If large 
differences are potentially present they are masked 
by the effect of distributor roll action, table roll action, 
table shake on the slower machines, dandy .or lump 
breaker rolls, and by pressing. 

We might say then that for the present state of de- 
velopment in the art which includes the air loaded inlet 
with two or three banks of perforated rolls, the con- 
ventional fourdrinier table and speeds somewhat in 
excess of 2000 f.p.m., “reasonably good” flow-spreading 
is sufficient including the equivalent of that produced 
by the cross-flow spreader described above. However, 
if systems are ‘opened up” or “cleaned up” by using 
more open distributor rolls, by removing them com- 
pletely or if higher inlet stock velocities are utilized, 
then greater excellence will probably be required and 
justified. 


SOME THOUGHTS ABOUT THE SLICE 


The slice of a paper machine is an extremely impor- 
tant and sensitive operating tool. A complete under- 
standing of its funétion and performance characteristics 
is important to the operator in translating ‘‘know-how”’ 
from one machine to another as well as in the perform- 
ance of his day-to-day operation, and important to the 
designer in translating specific performance features from 
one machine to another. 

Control of water in the sheet, or control of head box 
consistency if one prefers, is one very important func- 
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Fig. 30. Relationship between jet angle and slice setting 
where apron is sloped and angle is measured from the 
plane of the apron 


tion of the slice. The basic continuity and orifice equa- 
tions 


Q=VA (1) 
V = CV 2gh (2) 


relate those terms involved in the control of discharge 
through the slice. Since theshead, h, and stock velocity, 
V, are dictated by wire speed, then slice discharge, Q, is 
a function of the slice opening only. This presumes 
that sufficient water will always be supplied to the head- 
box to maintain the head at its specified level. The 
mean sheet weight, of course, is determined by the rate 
at which stuff is supplied to the system. 

Control of sheet weight at selected points across the 
machine is another function of the slice. This is ac- 
complished by changing the area term A in equation (2) 
by a small amount at selected points across the machine 
through spindle adjustment, thereby permitting a 
smaller or larger quantity of fiber and water mixture 
to be deposited in the desired area of the wire. Cuffey 
(10) has discussed in detail some of the interactions 
which occur between basis weight and slice opening as 
these adjustments are made. 

Control of the jet angle is another function that is 
easily recognized but one that perhaps is not always 
fully appreciated. The relative position of both top 
and bottom lips are obviously instrumental in deter- 
mining jet angle. It would be both interesting and 
useful to know the functional relationship existing be- 
tween slice setting and jet angle so that this angle could 
be predicted. Then operator control of the slice would 
not be quite so much trial and error. This relationship 
can be determined analytically utilizing potential flow 
theory and relaxation computation methods. The 
many possible combinations of slice geometries involved 
and the lengthy calculations required seemed to make 
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Fig. 31. Relationship between jet angle and slice setting 
where apron is flat and angle is measured from a horizontal 
plane 


this approach impractical. Instead, we used the ex- 
perimental method described as follows. 

In Fig. 28 is shown a typical example of one slice ge- 
ometry found on machines operating between 1000 and 
2500 f.p.m. Specific features include an air pad that 
suppresses pond levels to a fraction of the total head, a 
contracting nozzle, a vertical slice bar top lip which is 
vertically and horizontally adjustable, and an apron 
that is flat or slightly sloped. Symbols and terms 
associated with geometric features are also shown in 
Fig. 28. A general functional relationship relating 
all terms involved in the hydraulic performance of 
this slice and more particularly jet angle would be: 


fi (V, 9, 9, 6, B, L, B, a, 0...) = 0 (3) 


In this expression, V represents flow velocity, g the 
acceleration of gravity, and the terms p and yp repre- 
sent the fluid properties mass-density, and viscosity, 
respectively. The remaining factors are all geometric 
terms, some expressed as lengths and others as dimen- 
sionless ratios. 

Equation (3), can be written as follows in para- 
metric form involving only dimensionless groupings of 
these factors. 

Vize Vibe aes 
i ie A elu B, a, 0) =0 (4) 
Now, the first term can be recognized as a Froude num- 
ber which involves the force of gravity and its effect on 
free surface phenomenon. Gravity should not signifi- 
cantly affect jet angle provided the headbox water sur- 
face is far from the slice and as long as we are con- 
cerned only with the angle assumed by the jet shortly 
after it leaves the bottom lip where all internal stresses 
have been relieved. The second term, Vb/u/p is the 
Reynolds number. This should not be of any conse- 
quence as long as viscous effects are minor. The term 
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Fig. 32. Relationship between jet angle and slice setting 
where apron is either flat or sloped and angle is measured 
from a horizontal plane 2 


@ will contribute a fixed quantity to the jet angle for any 
one machine. Then we could consider the jet angle to 
be the sum of two parts, B= 6o+0, where Go is func- 
tionally related to all remaining terms in equation (4), 
except @ which is a constant. A change in relative slice 
opening involving slice opening and top lip projection 
should not materially affect jet angle as long as the ratio 
B/b has a value much larger than unity. However, as 
this ratio approaches the value of one the jet angle will 
become very sensitive to changes in B/b at low values of 
L/b. The term a can assume a wide range of values 
from near 0° up to and including 90° when expressed in 
terms of degrees. Let us assume that the value of a 
is fixed for the present and restrict our discussion to 
one geometry, as shown in Fig. 28. The functional 
relationship for jet angle can then be written as: 
B=fs S Z 0) (5) 

In modified form where bottom hp slope or apron 
slope is assumed to contribute a fixed portion of the 
total jet angle it may be written as: 


p=(@+9=s(2% 6) 
w =1(% ¢ (7) 


The nature of this functional relationship was deter- 
mined experimentally on the equipment shown in Fig. 
29 using water as the fluid medium. Bottom surface 
profiles of the jet projected from this slice model were 
determined for several different values of B/b, L/b, 8, 
and discharge rate. These profiles were then corrected 
for gravitational effects. Jet angles were computed 
and plotted as shown in Figs. 30 and 31. Although the 
scatter in Fig. 30 might be considered excessive, the 
nature of this relationship is very apparent. Part of 
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this scatter is due to experimental error, of course, and 
part of it is due to geometric changes incidentally re- 
lated to apron slope. The same trend is observed with 
much less scatter in Fig. 31 where all data were ob- 
tained using a flat apron lip. 


SIGNIFICANCE OF JET ANGLE 


The modern high-speed machine fourdrinier is gen- 
erally arranged with the forming board lip about 8 in. 


Fig. 33. Flow on wire when L/b = 1.5 

plus or minus a few inches from the breast roll center- 
line and with the apron lip set on breast roll centerline 
plus or minus a fraction of an inch. The operator 
normally must control the point of jet impingement to 
within something less than these limits, considerably 
less if the breast roll is not to remove water from the 
sheet. An understanding of the relationship that exists 
between jet angle and slice setting should result in a 
much more rational use of slice adjustment as a tool in 


Fig. 34. Flow on wire when L/b = 1.0 


machine operation. 

The curves presented in Figs. 30 and 31 are duplicated 
as the lower curve in Fig. 32 but without experimental 
points. Notice that three more or less distinct regions 
of control sensitivity exist identified individually as 
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regions of low, moderate, and high sensitivity. Control 
of jet angle is in a region of low sensitivity when L/b>2. 
Here relatively large changes in the value of L/b are 
required to change the jet angle a small amount. How- 
ever, the point of jet impingement changes position 
rapidly. This implies that the apron need not project 
beyond the top lip a distance of much more than twice 
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Fig. 35. 


the maximum slice opening to be used. The region 
of high control sensitivity exists where 1 Dy hae San UE 
Small changes in relative lip position here produce large 
changes in jet angle. However, the jet is pitched into 
the wire so steeply that the point of impingement 
changes slowly. This limiting ratio will be the slice 
setting near which water is removed by the breast 
roll on those machines equipped with a flat apron. 

Between these extremes, 0.7 < L/b < 2, lies the third 
region, one of moderate control sensitivity. Slice 
settings for normal machine operation fall within 
these limits. One point should be emphasized here. 
The lower curve shows the relationship between {o 
and L/b, or the jet angle for various slice settings on a 
machine equipped with a flat apron lip, and 6 = 0 
in equation (6). This must be corrected for any 
machine that has a sloping apron. For instance, the 
upper curve in Fig. 32 is for a machine with an apron 
that slopes 2°, or where @ = 2°. 
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There are several other factors involved in deter- 
mining the exact point of jet impingement which have 
been ignored until now. It is obvious that once the 
jet springs free from the apron lip, gravity alters 
its direction and must be considered when predicting 
that point. This is particularly true at low heads and 
wire speeds The height of apron lip above the wire 
certainly affects the horizontal distance between apron 
lip and point of impingement as well as the period of 
time that gravity acts upon the jet. Presumably, the 
clearance between apron and breast roll can influence 
jet angle by virtue of its effect on pressures within the 
pocket between jet and wire. A close clearance 
results in a relatively low pressure in this pocket with 
depression of the jet a result. A large clearance 
results in just the opposite effect. 

The point of jet impingement with reference to 
either forming board setting or breast roll location is 
generally considered very important to sheet forma- 
tion. The data presented above together with certain 
necessary physical dimensions from the slice region 
permit the calculation of that point of impingement 
with reasonably good accuracy. Operating conditions 
or slice settings found to be desirable on one machine 
can be translated to others with greater confidence. 
This is of particular advantage when working between 
pilot plant and production equipment. Evaluation 
work is simplified when it is realized that of the many 
variables which exist because of variations in slice 
geometry and setting only a few are really important to 
slice performance, particularly to control of jet angle, 
and that these can be expressed as one or two dimen- 
sionless parameters generally applicable to all slice 
sections which are reasonably similar. These are just 
a few examples of the manner in which specific informa- 
tion like this can be usefully employed. 

Just how important is the ability to control jet 
angle? Figure 33 shows flow on the wire of a machine 
operating at about 1300 f.p.m. wire speed when L/b = 
1.5. Figure 34 shows flow conditions existing only a 
few minutes later when L/b = 1.0. Surface wildness 
of this nature becomes much more intense as speeds 
increase. This emphasizes the need for horizontal 
adjustment facilities to supplemnt those which nor- 
mally provide for vertical adjustments. 


TEMPERATURE STRESS AND SLICE DISTORTION 


Slice distortion due to temperature stress is frequently 
referred to as a source of operating problems but is 
not so frequently recognized as being really impor- 
tant. In an unpublished report, Forsgren (11) de- 
scribes specific experiences with this particular phenome- 
non. 

A particular machine identified as machine ‘‘D” 
had been plagued with extreme basis weight variation 
and a roll building problem during startup. A routine 
machine startup frequently extended over a period of 
hours. Distortion of the slice section as a result of 
temperature variation was considered one possible 
cause and a study. program was set up to determine the 
extent to which this could occur. 

The slice opening was gaged upon shutdown and 
again about 4 hr. later. During this period the inlet 
temperature dropped from a normal operating tem- 
perature of slightly over 90°F. to near room temperature 
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at about 70°F. The change in opening that occurred 
as a result of this temperature change is shown as 
curve “A” in Fig. 35. Curve “B” in Fig. 35 shows the 
change in slice opening which occurred as the inlet 
was cooled still further with a cold water shower from 
normal operating temperature to a temperature of 
about 50°F. This represents a temperature change of 
some 40°F. Next, the inlet was warmed up to about 
102°F. and then allowed to cool to 82°F. The resulting 
change in slice opening from that at shutdown is shown 
in curve “CO,” Fig. 35. On another occasion the slice 
opening was determined immediately after shutdown 
for a machine washup and again following washup 
using cool, fresh water. The change in slice opening 
observed is presented as curve “D,”’ Fig. 35. 


This emphasizes the magnitude of slice distortion 
that can occur as a result of temperature variation in 
inlet structures. The use of cold water during washup, 
cold shower water, and cold water in the fan pump 
system upon startup are all potentially hazardous 
procedures and can contribute to temperature stress 
distortion of the slice as an operating problem. The 
use of cold water upon startup can be particularly 
troublesome since both slice opening and basis weight 
will change continuously until normal operating tem- 
perature has been reached. All during this time 
operators will frantically try to control basis weight by 
spindle adjustment, but when the machine finally 
settles down the slice will be set essentially as it was 
before startup. 
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High-Amylose Cornstarch — 


Properties and Prospects 


F. R. SENTI and C. R. RUSSELL 


High-amylose starch, a new type of corn starch containing 
50 to 60% amylose, or about twice the amount present in 
ordinary corn starch, is now available in semicommercial 
quantities, and the development of starches of still higher 
amylose content is well under way as a result of the co- 
operative effort of chemists, plant breeders, and industry. 
Amylose is a linear polymer of glucose, whereas amylopec- 
tin, the other component of both high-amylose starch and 
ordinary corn starch, is a branched polymer of the same 
simple sugar. The molecules of amylose, being linear like 
those of cellulose, can form strong, flexible: films and 
fibers, whereas amylopectin forms only very weak films. 
Because of its relatively high amylose content, high-amyl- 
ose starch has inherent strength properties which make it 
potentially attractive for the development of new and 
improved starch-based industrial products including pos- 
sibly coating adhesives. The potentialities for the de- 
velopment of new and improved coating adhesives from 
this new starch are discussed in the light of the known 
physical and chemical properties of its components, 
amylose and amylopectin. The results of preliminary 
studies on the oxidation, hydroxyethylation, and carboxy- 
methylation of high-amylose starch and the effects of 
these modifications on its dispersibility and paste proper- 
ties are presented. 


Tue potential utility of amylose as a raw mate- 
rial from which to make films, fibers, and other indus- 
trial products has been shown over the years in various 
studies on amylose prepared by fractionating starch. 
The properties of this linear molecular component of 
starch encouraged initiation at the Northern Laboratory 
in 1945 of a search for a natural source of starch that 
was richer in amylose than commercially available 
starches, most of which contain 20 to 30% amylose. 
This search, in cooperation with plant breeders, has led 
to the development of new varieties of corn yielding 
starch containing more than twice as much amylose as 
ordinary starches. Although the ultimate goal is the 
development of starch that contains 85% or more 
amylose, high yielding, commercial-type corn hybrids 
are now available which yield starch with 50 to 60% 
amylose. Since the properties of these starches are 
quite different from those of ordinary cornstarch, they 
may have advantages for certain uses including paper- 
coating applications. It appears worth while, there- 
fore, to present some results obtained in the first studies 
on the new high-amylose starch and its derivatives and 
also to review briefly the collaborative work of plant 
breeders and chemists that has led to the present stage 
of development. . 


DEVELOPMENT OF HIGH-AMYLOSE CORN 


Hundreds of samples of corn, wheat, sorghum, as 
well as other cereal grains and plant sources of starch 
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were analyzed for the amylose content of their starches 
in the initial screening program at the Northern Labo- 
ratory. The most immediate result was the discovery 
of high-amylose starch in peas. Although starch con- 
taining as much as 60 to 70% amylose was found in 
various varieties of wrinkled-seeded peas, they were not 
an attractive source of amylose since they contained 
only about 45% starch together with a high amount of 
protein. The protein could not be separated effec- 
tively from the starch by any known means without 
adversely affecting starch properties. Major attention 
was then directed to cereal grains and in 1949 a corn 
supplied by the Bear Hybrid Corn Co., Decatur, Il., 
was found to contain starch with 36% amylose instead 
of the usual 27%. The total starch content of this 
corn, in contrast to other high-amylose varieties which 
had been examined up to this time, appeared to be much 
the same as that found in field corn. Meanwhile in 
1947, Cameron (1) working at Harvard with analyses 
supplied by Iowa State College, found that certain 
combinations of genes would give corn with starch of 
65% amylose; the total starch content of this corn, 
however, was very low. 

In 1950, the Northern Laboratory expanded its co- 
operative efforts to determine whether the desired type 
of corn might be produced by breeding. In coopera- 
tion with M. S. Zuber and associates of the Missouri 
Agricultural Experiment Station and USDA Crops 
Research Division, as well as with Bear Hybrid Corn 
Co., more than a thousand samples a year were ana- 
lyzed for their amylose content over the next several 
years. Foreign varieties, inbred lines, and crosses 
produced by plant breeders were included in this study. 

In 1952, Robert P. Bear (2) reported a gene (ae, for 
amylose extender) which increased the amylose content 
of corn in which it appeared. With this gene he bred a 
corn containing 60% starch of which 62% was amylose. 
This was the first high-amylose corn combining ade- 
quate starch content with sufficiently high level of 
amylose to be of industrial interest; its development 
was reported in 1954 (3) ina joint publication from the 
Northern Laboratory and the Bear Hybrid Corn Co. 
This amylose-extender gene (ae) was used during the 
next few years to develop a high-amylose corn having 
good agronomic characteristics and yielding, under 
normal conditions, up to 100 bushels per acre. Up to 
60% of the corn on a dry basis is starch, the amylose 
content of which. is between 50 and 60%. Seed pro- 
duced by Bear Hybrid Corn Co. was used to grow high- 
amylose corn in Indiana under contract with two corn 
wet-milling companies. Approximately 10,000 bushels 
were harvested in the fall of 1958, and most of this has 
now been processed by the two participating companies. 

Encouraged by the progress that had been made, the 
Northern Laboratory greatly increased its work with 
cooperating plant breeders. Between Dec. 26, 1956, 
and Oct. 1, 1957, about 8000 samples were analyzed for 
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amylose content. Since then, samples have been ana- 
lyzed at a rate of 10,000 to 15,000 a year. This acceler- 
ated program enabled the breeders to make more rapid 
progress by eliminating unpromising material at earlier 
stages. It is now relatively common for workers at the 
Northern Laboratory to find starch that analyzes over 
70% amylose in samples supplied by both cooperating 
plant breeders. In 1957, Dr. Zuber supplied a sample 
which, on the basis of our analysis, contained starch of 
over 80% amylose. Although only one sample this 
high in amylose has been received to date, attainment 
of a still higher content is confidently expected by both 
cooperating breeders. In the meantime, hybrid varie- 
ties with good agronomic properties are being developed 
which have amylose contents in a 60 to 80% range. 
Those having starch of 60 to 70% amylose are now well 
along genetically and, according to the corn breeders, 
could be available for commercial production within a 
few years. The price of such high-amylose starch can 
be expected eventually to be somewhere near that of 
ordinary starch when produced in reasonably large 
quantities. This prediction is based on analogy with 
another genetically special type of cornstarch already 
commercialized, namely, waxy maize starch which con- 
tains only amylopectin (i.e., no amylose). 

This promise of success in the development of high- 
amylose corn encourages consideration of industrial 
utility of high-amylose starch. We are particularly in- 
terested in its possible use by the paper industry, since 
this is one of the largest industrial users of starch and 
starch products. The complete story on the applica- 
bility of high-amylose starch to papermaking and proc- 
essing operations can only be gained through an ex- 
tensive program of development-research and evalua- 
tion. This program has just begun and a limited 
amount of information is now available. Some further 
insight into both the potential advantages and the 
problems of using high-amylose starch can be gained by 
considering the properties of the two components of 
starch, amylose and amylopectin. Considerable basic 
information on these starch components is available, as 
well as some data on their application in papermaking. 
Knowledge of the properties of ordinary cornstarch, as 
well as its performance in various applications is also 
of much help in considering uses for high-amylose 
starch. 
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PROPERTIES OF AMYLOSE AND AMYLOPECTIN 


Both amylose and amylopectin are polymers of the 
simple sugar glucose; but they differ in that amylose is 
along, straight-chain polymer; whereas in amylopectin, 
branching occurs at frequent intervals. Marked dif- 
ferences in the physical properties of the two starch 
components are accounted for largely by these struc- 
tural differences which are depicted in Fig. 1. The 
number of glucose residues joined to form a molecule of 
amylopectin or amylose varies with the plant origin of 
the starch. Amylose molecules from cornstarch con- 
tain about 1000 glucose residues on the average, whereas 
corn amylopectin is a much larger molecule and may 
contain 40,000 or more glucose residues. Although 
considerably smaller in size than amylopectin, amylose 
is a high molecular weight material comparable in size 
to many other natural and synthetic: polymers finding 
industrial applications. 

The solubility characteristics of amylose reflect the 
ability of its molecules to adopt different conformations 
in the solid state. Amylose molecules, for example, as- 
sume a helical form when precipitated from solution 
by butanol and other higher alcohols which form com- 
plexes with amylose. Amylose in this form will readily 
dissolve in hot water containing butanol. Amylose 
solutions of 10 to 20% concentration prepared from the 
amylose-butanol complex are stable above 60°C. even 
when the butanol is removed. The solutions quickly 
gel on cooling to about 60°C. and, when dried, the gel 
yields a tough coherent mass that is very difficult to 
redissolve in water even by autoclaving. Aqueous so- 
lutions of amylose at concentrations above 2% will gel 
when cooled to room temperature. More dilute solu- 
tions of amylose in water also are unstable at room 
temperature; they become turbid on standing due to 
the formation of molecular aggregates which gradually 
precipitate from solution. This precipitate, often re- 
ferred to as retrograded amylose, will not dissolve in 
boiling water. Amylose molecules in the water-insolu- 
ble form are in an extended configuration that permits 
strong lateral interaction between adjacent molecules; 
it is these forces which restrict its solubility. In con- 
trast to amylose, amylopectin is readily soluble in cold 
water, and concentrated solutions do not yield precipi- 
tates or gels on standing. 

Amylose and amylopectin also differ widely in their 
film-forming properties. Grossly, the structure of amy- 
lose is similar to that of cellulose which after regenera- 
tion from an appropriate solution forms the well-known 
cellophane films. On the basis of structure one would 
presume that films of a similar type might also be 
formed from amylose. Indeed, this is the case as 
shown by work on the preparation and evaluation of 
amylose films (4). Except for wet strength, the me- 
chanical properties of amylose films fall within the 
range of common plastic films. Dry, unoriented films 
have a tensile strength ranging from 9200 to 10,200 
p.s.i., and an average elongation at break of 13%. 
Flexibility of unplasticized amylose films about 0.001 
in. thick was good, ranging from 650 to 900 double folds 
before breaking on the Schopper endurance tester. 

Results obtained by Wolff, e¢ al. (4), at the Northern 
Laboratory on the properties of films cast from amylose 
and amylopectin mixed in various proportions are perti- 
nent in our present consideration of high-amylose 
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Table I. Properties of Films from Mixtures of Corn Amylose and Corn Amylopectin® 
(50% R.H. and 72°F.) 


pba Tensile strength, kg. sq. mm. Ultimate elongation, % dene pia Mull El d 

of film, > % Haze, % Dry Wet Dry Wet re Noe 2 burst pouiee tee vo 
95 14 Ge: O15 23 18 (0) 
86 13 OO OFtS 8 13 20 oe : 
77 13 6.0 0.20 11 16 450 13 Uf 
68 22 6.2 0.14 15 14 350 18 7 
59 27 6.4 0.16 10 19 140 17 a 
50 26 6.0 0.14 6 17 100 15 6 
42 36 4.9 0.07 6 Wit 63 12 5 
29 sl Onl 0.05 6 11 28 10 6 
244 16 5.0 oft if Fall 8 8 
24 10 3.90 5 19 8 5 
15 16 5.5 9 21 8 5 

6 3 0) 5 14 9 4 


a Taken from I. A. Wolff, et al., Ind. Eng, Chem. 43: 915 (1951). 


b Based on iodine affinities of amylose and amylopectin used and assuming that pure amylose sorbs 200 mg. of iodine per gram and amylopectin sorbs no iodine. 


¢ Corrected to thickness of 0.025 mm. assuming direct proportionality. 


d Unfractionated cornstarch in which granules had been disrupted by agitation of hot paste in Waring Blendor for 15 min. 


starch. Data on films containing from 6 to 95% 
amylose show (Table I) that dry and wet tensile 
strengths, elongation, burst resistance, and_ flexibility 
are all decreased as the amylose content is lowered, 
indicating inherently poor mechanical properties for 
branched-chain amylopectin. Film flexibility appears 
to be particularly sensitive to amylopectin content; 
however, the results suggest that starch containing 80 
to 85% amylose may have sufficiently good mechanical 
properties to make it useful as a raw material in the 
production of unsupported films. 


PROPERTIES OF UNMODIFIED HIGH-AMYLOSE 
STARCHES 


Most of our work thus far on high-amylose starch has 
been limited to starches with amylose content in the 
range 50 to 60%. Starches, separated from the grain 
by a wet-milling process (4) in laboratory and _ pilot- 
plant equipment, had a slightly higher protein content 
than commercial cornstarch; this may be related to the 
smaller granule size and more irregular granule shape of 
these particular high-amylose starches. 
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Fig. 2. Effect of amylose content on pasting characteris- 
tics of starch, determined by CIRF viscometer at 8 wt. % 
solids 
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From these high-amylose starches less amylose could 
be isolated by butanol fractionation than was deter- 
mined by potentiometric iodine titration. Only 43% 
amylose was obtained after three recrystallizations from 
a starch that analyzed 54% amylose (6). This dis- 
crepancy was accounted for by the amylopectin frac- 
tion; it had higher iodine-binding capacity and also was 
less branched than ordinary-starch amylopectin. Simi- 
larly, starch containing 57% amylose by potentiometric 
titration has yielded about 48% by butanol fractiona- 
tion. The molecular weight of the amylose was about 
the same as that from ordinary cornstarch, based on 
intrinsic viscosity measurements. Films cast from 
dispersions of high-amylose starch (50 to 60% amylose 
by titration) compare well in strength properties with 
those cast from a 50:50 mixture of ordinary corn amyl- 
ose and amylopectin. 

Granules of high-amylose starch swell much less at a 
given temperature in water than do granules of or- 
dinary starch, for example, in boiling water high-amyl- 
ose starch granules swell only slightly. This resistance 
to gelatinization is graphically demonstrated by com- 
paring the viscosity time-temperature curves (Fig. 2) 
for high-amylose starch, amylopectin, and normal corn- 
starch when pasted in the usual manner in the Corn 
Industries Research Foundation viscometer at a bath 
temperature of 92°C. The absence of a measurable 
viscosity for high-amylose starch is a result of its failure 
to swell or gelatinize. The other two materials exhibit 
their usual behavior. Waxy maize starch, composed 
entirely of amylopectin, pasted very rapidly to a higher 
initial viscosity than normal starch, but fell off more 
rapidly with heating and stirring to give a somewhat 
lower hot-paste minimum. On cooling, normal starch 
set back more than the waxy starch, thereby reflecting 
the tendency of amylose in the normal starch to gel on 
cooling. If high-amylose starch is pasted by auto- 
claving at somewhat higher temperatures, the resulting 
paste shows a greater tendency to set up to a firm gel 
than a paste of normal starch at the same concentra- 
tion. 

It is evident that differences in behavior of normal 
and high-amylose starches are due to the increased 
amylose content of the high-amylose starch. Chemical 
modification of high-amylose starch obviously is neces- 
sary for applications requiring ease of pasting and 
stability of dispersions. 
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RELATION OF STARCH COMPONENTS AND 
MODIFICATIONS TO ADHESIVE PROPERTIES 


The properties required for coating adhesives are 
discussed in detail in a series of articles in Tapp 
covering papers presented at the Third Coating Con- 
ference in 1952 (7) and in TAPPI Monograph No. 17 
(8) published in 1957. Reference to some of the more 
pertinent points brought out in these sources will be 
made in order to obtain a better understanding of the 
potential utility of high-amylose starch modifications as 
coating adhesives. 

Even normal cornstarch, containing about 27% amyl- 
ose, requires modification to meet the requirements of a 
coating adhesive. Pastes of the unmodified starch have 
too great a tendency to gel and impart too high a vis- 
cosity when used in sufficient amount to provide the 
necessary strength. Gel formation is directly attrib- 
utable to the amylose. High paste viscosity results 
primarily from two factors: one is the high molecular 
weight of the starch components, and the other is the 
presence of relatively intact, greatly swollen granules or 
large fragments thereof. To overcome the disad- 
vantages of gelation and high viscosity, several methods 
of starch modification can be used, including acid and 
enzymic hydrolysis, dextrinization, oxidation, and 
derivatization (e.g., hydroxyethylation). A brief con- 
sideration of the changes brought about in normal 
starch and its components by these treatments will pro- 
vide a background in discussing the results of our stud- 
ies thus far on modifying high-amylose starch. 

Gel formation by amylose, and the related phe- 
nomenon of retrogradation from solution, results from 
the linearity of amylose molecules and their ability to 
associate through hydrogen bonding or related forces 
The tendency to gel can be reduced by decreasing mo- 
lecular size or by introducing inhomogeneity in the 
linear structure, either as branching or as scattered sub- 
stituent groups, such as hydroxyethyl groups. 

Hydrolysis by acid or by alpha-amylase modifies 
starch properties by reducing the molecular size of both 
amylose and amylopectin. Separate studies on amylose 
itself have shown, according to Schoch (9), that ability 
to form a gel is destroyed by cleaving each molecule 
only two or three times. However, the product at this 
stage has an increased tendency to retrograde or form 
an insoluble precipitate, probably because of greater 
mobility and ease of orientation of the shorter linear 
molecules. This tendency to retrograde is progressively 
reduced as the molecule is further hydrolyzed; but 
desirable properties which are dependent on molecular 
size, such as the ability to form strong flexible films and 
to provide emulsifying and protective colloid action, 
are also progressively lowered. If whole starch is 
hydrolyzed in this manner, the branched fraction is also 
attacked; and by the time the linear fraction is suffi- 
ciently reduced in size to prevent its retrogradation, the 
starch has little useful adhesive properties. 

Dextrinization at relatively moderate temperatures 
and for short periods of time, as employed in the prepa- 
ration of white dextrins, is also mainly a hydrolytic 
conversion and leads to results similar to those obtained 
by hydrolysis. When dextrinization is carried out at 
somewhat higher temperatures for longer periods of 
time, the hydrolysis is accompanied by a repolymeriza- 
tion of the fragments into branched molecules. Thus, 
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the amylose or original linear fraction is changed to a 
branched molecule and the amylopectin is converted 
into a more highly branched product. Introducing 
branching into the amylose structure prevents gel for- 
mation and retrogradation. However in the case of 
normal starch, dextrinizing to this extent tends to de- 
stroy desirable properties, such as film strength, flexi- 
bility, and adhesiveness, probably as a result of both 
molecular breakdown and the increased branching in 
the amylopectin component. In view of these con- 
siderations dextrinization of high-amylose starch has 
not been included in our first series of modifications. 
Dextrinization merits later investigation since a starch 
having very high-amylose content could yield a dextrin 
composed essentially of only slightly branched mole- 
cules. Such a product might have favorable properties 
for coating or other applications. 

Oxidation appears to be the most satisfactory method 
to modify normal starch for coating applications. 
Derivatization, also, is becoming of greater interest. 
In both cases, amylose gelation or retrogradation is pre- 
vented by the introduction of heterogeneity in the 
molecule in the form of randomly distributed oxidized 
or substituted glucose units. In addition viscosity can 
be reduced as needed by limited degradation. Ad- 
vantages for the modification of high-amylose starch by 
oxidation and by derivatization, therefore, exist in the 
possibility of relatively independent variation in hetero- 
geneity (degree of substitution) and molecular size. 

The applicability of essentially limear molecular 
products as coating adhesives is indicated, for example, 
by experiments reported by Kerr (10) with amylose and 
amylopectin fractions of starch. Amylose in clay coat- 
ings had a higher adhesive strength than amylopectin 
at equal concentrations. Viscosities of both unde- 
graded fractions were too high for application at con- 
centrations required to give a coated paper suitable for 
printing. The amylose-containing mixtures were ap- 
plied at 75°C. to prevent retrogradation and gelling. 
Thus both advantages and disadvantages of molecular 
linearity are shown in these experiments. The problem 
of viscosity is related partially to adhesiveness. An 
increase in adhesive-strength would permit use of lower 
concentrations of a product which otherwise would give 
mixtures of too high viscosity. Such enhanced ad- 
hesive qualities are claimed for polyvinyl! alcohol (11): 
Good results can be obtained with as little as 2 to 5 
parts of this polymer to 100 parts of clay. Certain 
grades of polyvinyl alcohol devoid of all acetate side 
chains tend to form a gel structure on standing; but 
when only a very small amount of acetate groups are 
present, this tendency is eliminated, again demon- 
strating the important effect of partial derivatization 
and resulting structural heterogeneity. 


MODIFICATION OF HIGH-AMYLOSE STARCH 
PROPERTIES 

Preliminary studies have been made at the Northern 
Laboratory to determine the effect of hypochlorite 
oxidation, hydroxyethylation, and carboxymethylation 
on the properties of high-amylose (50% by iodine titra- 
tion) starch. Hypochlorite oxidation was carried out in 
aqueous starch slurries at alkaline pH near room tem- 
perature according to a previously described procedure 
(12). Hydroxyethylation by the method of Rankin, 
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Table II. Effects of Hydroxyethylation on Properties of High(50%)-Amylose Corn, Normal Corn, 
and Waxy Maize Starches 


Solids in } ity % 
Hydroxyethylated Wt., % paste Mi OPER eR ara i 
starch HEa wt., % Paste pH Hot maz. a es 66°C. 26°C. ee 

High-amylose 7 8 730 63 5 

i 4 191 
Pees 12 8 He 140 ik 177 630 40 
ae corn 7 8 7.0 860 860 1130 1760 69 
ap corn 12 8 7.0 1100 905 2290 2540 70 

axy maize ef 8 7.0 2240 1750 2280 3200 80 


a HE = hydroxyethyl. 


b Paste viscosities determined in the Corn Industries Research Foundation viscometer. 


et al. (13), essentially consisted of adding an appropriate 
amount of ethylene oxide to starch containing from 10 
to 15% moisture and a small amount of alkaline catalyst 
while the reaction mixture was kneaded in a closed re- 
action vessel. Carboxymethylation with chloroacetic 
acid and alkali was carried out on starch suspended in 
ethanol containing approximately 5% moisture at reflux 
temperature essentially according to the method of 
Filbert (14). 

Pasting characteristics of modified high-amylose 
starches were determined in either a CIRF viscometer 
or a Brabender Amylograph viscograph. In using the 


mined on the aged pastes with a Brookfield viscometer. 

The comparative effect of hydroxyethylation on the 
properties of high-amylose cornstarch, ordinary corn- 
starch, and waxy maize starch are given in Table II. 
In high-amylose starch approximately 5 to 7% hy- 
droxyethyl groups were required to give a stable paste. 
Lesser amounts stabilize ordinary starch pastes, and 
no modification is needed to obtain stability with waxy 
maize starch (amylopectin). So that a better compari- 
son could be made, all starches were modified to the 
same extent. After hydroxyethylation, high-amylose 
starch gave much less viscous pastes than the other two 


Table III. Effect of Hypochlorite Oxidation on Properties of High(50%)-Amylose and Normal Cornstarches 


Solids 


—— 


Viscosity in cp.2— 


Oxidation® in te i 
Oxidized starch % ae Paste pH Hot maz. ae 25°C. Setback ¢ Pig 
High-amylose 3.6 5 5.8 0 0 42.5 42.5 63.3 
3.6 8 5.8 23 0 269 231 
3.6 11 5.8 537 114 1650 2840 
6.0 5 5.9 0 0 16.0 18.5 90.2 
6.0 8 Dae) 0 0 53 84 
6.0 11 5.9 203 0) 339 1502 
9.8 5 Deo 0 0 Sep 8.5 96.5 
9.8 8 Li tH) 0) 0 15.6 1225 
Normal corn 3.0 5 ‘aya 637 @) sie 
AB} 5 Deo 354 0 ae 
Commercial oxidized starch 16 6.0 66 33 198 
20 6.0 157 58 479 


a Moles of carboxyl plus carbonyl groups per 100 anhydroglucose units. 


b Determined in a Corn Industries Research Foundation viscometer, except for the commercial oxidized starch which was measured with a Brabender Amylo- 


graph viscograph. 


¢ Measured with a Brookfield viscometer after standing for one week or more at room temperature. 


Amylograph, aqueous slurries were heated from 25°C. 
up to 90°C. at a rate of 1.5°C. per min., held at 90°C. 
for 17 min., then cooled at the same rate to 25°C.s 
changes in viscosity were recorded throughout the en- 
tire cooking cycle. The rate of stirring was 75 r.p.m. 
For the CIRF viscometer the stirring rate was 60 r.p.m. 
and the holding time of the paste was 30 min. at or 
near 90°C., except for the oxidized starches which were 
held for 45 min. at 90°C. and then allowed to cool to 
room temperature. 

Paste clarities were determined in a spectrophotom- 
eter at 650 » using distilled water as the standard for 
100% transmission. Setback viscosities were deter- 


Table IV. Effect of Carboxymethylation on Properties of 
High(50%)-Amylose Starch Sodium Salt of Carboxymethyl! 
Derivatives, pH 11 After Pasting 


—_ Viscosity in cp.° 
Solids Hot 
in paste min. 

DS4 wt., Jo 90°C. 66°C. 26°C. Setback ¢ 
0.11 5 190 239 478 Slight 
Oya! 10 676 1023 >1650 are 
0.44 5 74 99 19d, None 
0.44 10 173 346 594 None 
0.91 5 107 165 289 None 
0.91 10 363 594 1089 None 

aDS = average number of carboxymethyl groups per anhydroglucose 


unit. ; 
b Paste viscosities determined in a Brabender Amylograph viscograph. 


c Determined after one week of standing at room temperature. 
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starches. Lower clarity of high-amylose derivatives 
indicates less complete dispersion, but still represents a 
marked improvement over unmodified high-amylose 
starch. Despite their lack of clarity, hydroxyethylated 
high-amylose starch pastes showed no tendency to gel or 
precipitate out on standing at room temperature for 
several days. At the end of one week setback viscosi- 
ties, not shown, were not significantly different from the 
values obtained at 25°C. on completion of the cooking- 
cooling cycle. As far as applicability to coating is con- 
cerned, the improved dispersibility and paste stability 
achieved by hydroxyethylating high-amylose starch are 
certainly changes in the right direction. Evaluation 
trials in paper coating are needed to determine whether 
the viscosity still shown can be compensated by lower 
concentrations in the coating mixture. If not, it seems 
probable that derivatives can be prepared with vis- 
cosities reduced to satisfactory levels without excessive 
reduction in chain length and without major loss of 
strength properties inherent in the amylose fraction. 


Results on high-amylose starch and normal corn- 
starch with hypochlorite oxidation are compared in 
Table III. The lowest level of oxidation that can be 
employed with high-amylose starch, and still obtain a 
product yielding a relatively stable paste, is about 6% 
or 6 moles of carboxyl and carbonyl groups per 100 
anhydroglucose units. In contrast, nongelling pastes 
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Table V. Comparative Effects of Carboxymethylation on the Properties of Amylose, High(50%)-Amylose Starch, 
Normal Cornstarch, and Cellulose 


Solids 


Viscosity in cp.-——— 


——— 


j H in. 
DS« Cope Paste pH 90°C. 56°C. 26°C 
Carboxymethylated amylose 0.80 2 lf 15 Ne a 
Carboxymethylated high-amylose starch 0.91 2 if 31 (3 a3 
Carboxymethylated normal cornstarch 0.80 2 7 317 ks ke 
Carboxymethylated cellulose 0.70 2 7 282 627 2 


a DS = average number of carboxymethyl groups per anhydroglucose unit. 


b Paste viscosities determined in a Brabender Amylograph viscograph. 


cap be made with normal cornstarch at lower levels of 
oxidation. Although pastes of high-amylose starch at 
the 3.6 and 6.0% levels of oxidation showed little set- 
back except at a concentration of 11%, all the pastes 
tended to settle out slowly at room temperature. At 
the end of 48 hr. this settling effect in 5% pastes at the 
3.6 oxidation level was quite noticeable; it was not so 
pronounced at the 6% oxidation level, but still per- 
ceptible. At the 9.8% oxidation level high-amylose 
starch gave very clear nonsettling pastes which ex- 
hibited no setback. Viscosity at 25°C., setback, and 
clarity were not determined on the oxidized normal corn 
starch samples; these were quite clear and fluid after 
the cook. The possible suitability of oxidized high- 
amylose starch for coating applications is evident from 
the viscosity, clarity, and nonsettling nature of the 
pastes at the 9.8% level of oxidation. Again, actual 
tests of these and similar products in coatings are re- 
quired to determine what further modifications, if any, 
are needed. 

Data on carboxymethylated high-amylose starch are 
given in Table IV. The lowest degree of substitution 
(DS) shown is 0.11, which is just below that required to 
give a cold water-soluble sodium salt. This product, 
however, readily dissolves in water at about 50°C. at a 
pH of 11.0. Since the carboxymethylated starches 
were all soluble in water at room temperature or slightly 
above, they exhibited no hot maximum on pasting. All 
carboxymethyl high-amylose starches gave quite clear 
pastes which showed no tendency to form precipitates at 
concentrations up to 10%. No setback on standing at 
room temperature was observed except for the product 
of DS 0.11. Its 5%-paste showed some thickening but 
still poured readily, while its 10%-paste gave a gel which 
would not pour. In the middle range of substitution, 
DS 0.44, viscosities tended to be lower than at either 
extreme of substitution. 

Properties of carboxymethyl derivatives of high- 
amylose starch, amylose, ordinary cornstarch, and cellu- 
lose all at approximately the same DS are compared in 
Table V. These products were obtained from the 
sodium salt, which contained some excess sodium hy- 
droxide, by dialysis against distilled water. Total 
solids in the solutions after dialysis were determined, 
and their volumes were adjusted to give the 2% solu- 
tions or suspensions used in the pasting studies. The 
pH readings of 7.0 on 2% pastes after cooking in dis- 
tilled water indicated that the derivatives were in the 
partial salt form. At equivalent concentrations car- 
boxymethyl amylose gave the lowest viscosity and was 
followed, in order of increasing viscosity, by carboxy- 
methyl high-amylose starch, carboxymethyl ordinary 
starch, and carboxymethyl cellulose. The carboxy- 
methyl derivatives of high-amylose starch have rela- 
tively low viscosities and, therefore, like the hydroxy- 
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ethylated products have enhanced opportunity for 
being converted into effective coating adhesives. 


EVALUATION OF MODIFIED HIGH-AMYLOSE 
STARCH 


Oxidized high-amylose starches are currently being 
tested as a coating adhesive; however, no results are as 
yet available. Studies also are in progress on methods 
for reducing the viscosities of the other high-amylose 
starch derivatives to more appropriate levels. It is 
hoped that this can be accomplished with limited de- 
gradation of the derivatized amylose, not only to retain 
the strength properties that are inherent in this compo- 
nent, but also to obtain the beneficial effects that are 
attributed to the linear component such as imparting 
thixotropy to the coating color and providing a better 
opportunity for cross-linking which is needed to im- 
prove wet-rub resistance. Linear molecules can align 
parallel to one another better than branched molecules 
and where this situation exists, cross-linking reagents 
should function more effectively. Any products we ob- 
tain within range of the required viscosity for coating 
adhesives will be evaluated. “The possibility remains, 
as already noted, that higher viscosities at a given 
concentration may be permissible with modified high- 
amylose starch because derivatized amylose may have 
enhanced binding power and thus could be used in 
lesser amounts. 

Other applications of high-amylose starch products in 
the paper field also are being considered. Analogous 
water-soluble cellulose derivatives, in general, are ef- 
fective as internal and external sizing agents and are 
used to improve strength, printability, and resistance to 
grease, oils, solvents, and abrasion. In sizing, vis- 
cosity 1s not such a limiting factor as in coatings. In 
beater additives, high viscosity is desirable. Plans 
have been made to evaluate hydroxyethylated and car- 
boxymethylated high-amylose starches, as well as other 
derivatives when they become available, in these ap- 
plications. 

Research and development on high-amylose starches 
are being carried forward as fast as available resources 
permit. Only in this way can the ultimate place of 
high-amylose starches in papermaking and other in- 
dustrial applications be determined. 
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The Effect of pH on Pulp Degradation in Each Hypochlorite 
Stage of a Six Stage Sulfate Pine Bleaching System 


M. G. LYON and A. C. SALISBURY 


Data are presented to show that the effects of pH in the 
successive hypochlorite stages of a multistage bleaching 
system of southern pine sulfate pulp are similar but not 
identical. The hypochlorite stages of a chlorine-hypo- 
chlorite - caustic - hypochlorite - caustic - hypochlorite 
bleaching sequence were carried out at pH’s from 10 to 
1.5, + 0.2pH. The pulps were tested for viscosity, bright- 
ness, permanganatenumber, brightness loss on oven fading, 
and hot alkali solubility. Data show pH effect on viscosity 
in stage 2 differs from stages 4 and 6. Also the effect on 
brightness, hot alkali solubility, and permanganate num- 
ber differed in some respects in stage 2 from stages 4 and 
6. Temperature of 110°F. versus 145°F. had only slight 
effect except on rate of bleach consumption, and to a 
lesser degree on brightness. The necessity is indicated 
for keeping the pH in all hypochlorite bleaching stages 
above 8 for optimum bleaching results. 


HISTORICAL 


Tus effect of pH on the action of hypochlorite on 
cellulose during oxidation or bleaching has been the sub- 
ject of numerous investigations covering many years. 
It is generally conceded that proper control of hypo- 
chlorite pH is a most important matter in pulp bleach- 
ing. 

Clibbens and Ridge (1), in a study of the action of 
hypochlorite on cotton cellulose, showed that severe 
degradation occurred at pH of 7, and pH’s of 9 to 13 
must be maintained to lessen the cellulose degradation. 
Rapson, in 1955 (2), reported a fine and extensive study 
on the role of pH in bleaching pulp with various bleach- 
ing agents. His work also showed a sharp viscosity 
drop in the neutral pH range when bleaching sulfite 
and sulfate pulps with chlorine. He reported generally 
optimum brightness levels secured at pH range of 7 to 
11. Giertz (3) reports that hypochlorite oxidation 
of cellulose under highly alkaline conditions leads to the 
formation of fairly stable carboxyl groups, while 
carbonyl groups are formed at lowered pH levels. 
Similarly Rapson, Anderson, and King (4) on cotton 
linters and sulfite pulp found that bleaching at pH 7 


M. G. Lyon, Director of Pulp Manufacturing, and A. C. SALISBURY, As- 
sociate Research Engineer, The Champion Paper and Fibre Co., Hamilton, 
Ohio. 
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caused an increase in carbonyl groups and an increase 
in color reversion tendencies compared with bleaches 
atepeu lO: 

Not only does low bleaching pH cause increased 
cellulose degradation, but the stability of the hypo- 
chlorite solution is lowered at pH’s below 11.2 as indi- 
cated by O’Neil and Rue (4). Parsons (6) reported 
that below pH 7.5 a portion of the hypochlorous acid 
present in a bleaching stage may be lost through 
volatilization and decomposition so that bleaching 
efficiencies are reduced. 

While many separate studies have detailed the effect 
of bleaching stage pH on pulp degradation, brightness 
and color stability, little work has been done to investi- 
gate fully the importance of pH to the course of the 
reaction in each of the hypochlorite stages of a typical 
multistage sulfate bleaching system. In operating 
a six-stage bleaching system on southern pine sulfate 
pulp the Champion Paper & Fibre Co. has noticed that 
there appeared to be a difference in the way pH in- 
fluenced the degradation pattern between fairly well 
purified pulp and the less purified pulp of the earliest 
hypochlorite stage. The six-stage bleaching sequence 
employed consisted of: chlorination, hypochlorite, 
alkaline extraction, hypochlorite, alkaline extraction, 
and final hypochlorite. Investigations had indicated 
that pulp in the first hypochlorite stage was subject to 
increasing degradation with lowered pH down to pH 
2 rather than having greatest degradation at near the 
neutral point as indicated by the published literature 
on the subject. 

The apparent discrepancy between our test results 
and the published literature prompted this extensive 
study of the role of pH in each of the three hypochlorite 
stages. The role played by pH in each bleaching stage 
has been studied and indicated by tests of pulp Vis- 
cosity, brightness, brightness stability, alkali solu- 
bility, permanganate number, and time for bleach ex- 
haustion. 


EXPERIMENTAL 


Pulp—The pulp used for these bleachings was 
southern pine sulfate pulp having a cupriethylene- 
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diamine viscosity of 32.0 cp. and 20.0 cc. TAPPI per- 
manganate number. 

Bleaching Procedure. This pulp, as stated above, 
was bleached by a six-stage, chlorine-hypochlorite- 
caustic - hypochlorite - caustic - hypochlorite sequence. 
The pulp for the stage 2 (first hypochlorite )bleachings 
was first chlorinated and washed in the usual manner. 
Portions of this pulp were bleached to virtual exhaus- 
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same permanganate number range as the pulp used for 
these bleachings. 

An excessive amount of bleach (Table IV) was ap- 
plied in the second series of stage 6 bleaches to check 
whether the differences noted in the stage 2 bleaches 
might be due to the larger amount of bleach (available 
chlorine) applied in the second stage. 

The pulps, after bleaching and washing with ten 
parts of water to one of pulp, were formed into sheets 
using a Noble & Wood sheet mold and press. Bright- 
ness sheets were formed in distilled water and dried on 
the Noble & Wood drier at 250°F. for approximately 3 
min. 

The pulp sheets used for the remainder of the tests 
were airdried after pressing. 

Tests. The pulps, for each stage investigated, were 
tested for viscosity, brightness before and after oven 
fading, permanganate number and solubility in hot, 
7.14% NaOH solution. 

The viscosity was determined in 0.5% concentration 
in cupriethylenediamine solution according to TAPPI 
Standard T 230 sm-50. 

Brightness was read with a G.E. brightness tester. 
The oven-faded sheets were heated for 4 hr. at 105°C. in 
a forced circulation oven. 

Permanganate number was determined by TAPPI 
Standard T 214 m-50, using 25 ml. of standard per- 
manganate solution. 

Alkali solubility was determined by treating 1 g. of 
ovendry pulp for 3 hr. at 99° to 100°C. in 100 ml. of 
7.14% NaOH solution. The treated pulp was neutral- 
ized with 20 ml. of glacial acetic acid. The washed 
residue was dried to constant weight at 105°C. and the 
per cent loss in weight determined. 
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Results. The results of the above tests are given in 


Tables I through IV. 


DISCUSSION 
Viscosity 


In evaluating what happens to pulp viscosity in a 
hypochlorite stage, as it is carried out at progressively 
lower pH’s, it is evident (Fig. 1) that the effect is 
similar but not identical in the successive bleaching 
stages. 

In stage 2, with a viscosity of 22.8 ep. (Table I) enter- 
ing the stage, the viscosity at the end of the stage was 
18 to 19 cp. fora pH of 10. The viscosity dropped with 
decreasing pH to 5 to 6 ep. at a pH of 3, then rose 
sharply to 12.5 ep. at a pH of 1.5 for the bleach at 
110°F. It merely leveled off at a pH of 1.5 in the 
145°F. bleach. 

In stage 4, the viscosity. entering the stage was 
21.7 cp. (Table II). At the end of the stage, for a 
pH of 10 and 110°F., the viscosity was 17.8 cp. It 
passed through a minimum of 9.1 ep. at pH 6, then in- 
creased to 17.8 cp. at pH 1.5. In stage 4, at 145°F., 
the viscosities were somewhat lower than for 110°F. at 
pH’s above 6, but for pH’s less than 6 viscosities were 
about the same at both 145 and 110°F. 

The viscosities of the pulps entering stage 6 were 
12.3 and 12.9 cp. (Tables III and IV), respectively, for 
the bleaches at 0.3% available chlorine and at 1.0% 
available chlorine. The effect of decreasing pH on 
stage 6 viscosities follows closely the pattern of the 
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stage 4 viscosities. At 0.3% applied available chlorine 
the 145°F. viscosities were mostly higher than for 
110°F. 

Applying 1.0% available chlorine, a substantial 
excess, resulted in lower viscosities but did not change 
the pattern of response at different pH values. 

It is interesting that the viscosities of the more puri- 
fied pulps (stages 4 and 6) were lowest in the pH-6 
range, whereas the lowest viscosities in stage 2 were at a 
pH of 3. Also, the rather drastic increase in. tempera- 
ture from 110°F. to 145°F. had relatively little effect on 
pulp viscosity. 


Permanganate Number 


Permanganate numbers were determined for the full 
pH range studied in stages 2 and 4 (Tables I and II), 
but only at pH 9 for the stage 6 bleaches (Tables LIT 
and IV). Figure 2 shows the effect of pH on perman- 
ganate number. 

In the stage 2 bleaches, permanganate numbers at 
the end of the stage were at a minimum (around 1.51.4) 
in the 8 to 6 pH range, and highest at a pH of 3 and 
lower. In the stage 4 bleaches permanganate number 
decreased as the pH was lowered. ‘Temperature had 
very little effect on permanganate number. 


Brightness 


The effect of pH on brightness is shown in Fig. 3. 
In stages 2 and 4 at 110°F. brightness was maximum in 
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Fig. 5. Brightness loss versus pH 


the 8 to 9 pH range, becoming progressively lower with 
decreasing pH. Increasing the temperature from 110 
to 145°F. in stage 4 flattened the brightness curve 
somewhat with brightness least at pH 6, and increasing 
slightly at lower pH’s. 

In stage 6, with 0.3% applied available chlorine, 
brightness increased somewhat as the pH was lowered 
below 7. This effect was more pronounced at 145°F. 
than at 110°F. Applying 1.0% available chlorine in 
stage 6 produced an effect similar to stage 4 but at a 
higher brightness level. 
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Fig. 6. Alkali solubility versus viscosity 
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Alkali Solubility 


The percentage of a pulp that is soluble in hot 7.14% 
NaOH solution is a measure of the extent to which a 
pulp has been degraded by the chemicals, and condi- 
tions of treatment to which the pulp has been sub- 
jected. The effect of pH on alkali solubility in the 
hypochlorite bleaching stages studied is shown in Fig. 4. 

The Figure shows that pulp degradation continues to 
increase in stage 2 at pH’s well below 6. 

In stage 4, maximum degradation occurs in the 6 to 7 
pH range. Similarly, in stage 6 the greatest degrada- 
tion occurs close to neutrality. The amount of applied 
available chlorine appears to have some influence on the 
pH level at which maximum degradation occurs, as well 
as on the relative amount of degradation. 


Brightness Loss on Heat Fading 


The effect on the amount of brightness lost on oven 
fading of the pulps is, in general, an increased loss as 
pH is lowered (Fig. 5). In stages 2 and 6 there is in- 
dicated a tendency for the loss to be maximum around 
pH 5to 6. However, in all stages the tendency for in- 
creased loss with decreasing pH appears to dominate. 


The Relationship of Viscosity to Alkali Solubility 


From Fig. 1 and Fig. 4 a fairly close relationship be- 
tween viscosity and hot alkali solubility should be ex- 
pected. In Fig. 6 it is evident that it is possible to have 
a considerable range of viscosity at a given alkali 
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solubility and vice versa. However, when considered 
by stages, there is a definite relationship. 

Temperature, apparently, has little influence on this 
relationship. The amount of applied available chlo- 
rine, on the other hand, seems to have considerable 
bearing on the alkali solubility. 


Time Required for Virtual Bleach Exhaustion 


That pH has a decided effect on the rate of exhaustion 
of a given amount of applied available chlorine is well 
known. However, it was felt worth while to note the 
approximate elapsed times to virtual exhaustion of the 
applied bleach in the bleaches made in this study. 
Figure 7 shows the results of these observations. 

In general, the time tends to be a minimum around 
pH 6 with both higher and lower pH’s extending the 
length of time required. Higher temperature shortens 
the time drastically but does not change the general 
pattern. 


SUMMARY 


In the chlorine-hypochlorite-caustic extraction-hypo- 
chlorite-caustic extraction-hypochlorite bleaching se- 
quence studied the effect of pH, while similar in the 
different hypochlorite stages was not identical. 

Viscosities in stage 2 continued to decrease with lower 
pH’s to the neighborhood of pH 3. Viscosities in 
stages 4 and 6 were lowest around pH 6. Temperature 
did not have much effect on the viscosity-pH relation- 
ship. 

Permanganate number in stage 2 is lowest around 
pH 7, while in stage 4 it decreases with decreasing pH. 
Temperature has little effect. 

Brightness appears to be affected more by the amount 
of available chlorine applied and temperature than by 
pH, although in stages 2 and 4 at 110°F., brightness 
drops as pH is lowered. 

Increased solubility in hot alkali follows reduced 
viscosity fairly closely when compared in a given stage 
but does not necessarily correspond in the broader 
sense. 

Brightness lost in oven fading increases with de- 
creasing pH, in general, but the amount of applied 
chlorine and bleaching temperature have considerable 
effect. 

The results of these studies indicate the necessity of 
careful control of pH in bleaching with hypochlorite, 
and that the effect of pH varies, depending on. what 
bleaching stage of a multistage bleaching sequence is 
under consideration. 
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Corrosion of Mild Steel in Alkaline Pulping Liquors 
III. Special Effect of Sulfite Ion in Kraft White Liquor 


RICHARD B. KESLER 


In earlier work, it was observed that dual corrosion rates 
of mild steel in kraft white liquor were obtained at con- 
. stant liquor corrosivities, when the corrosivity values were 
calculated according to Roald’s corrosivity equation. At 
that time, the prediction was made that a family of curves 
would be obtained by plotting liquor corrosivity against 
corrosion rate, each curve being specific for a definite 
sulfite ion concentration. This paper presents the results 
of experiments that substantiate the prediction, and fur- 
ther define the role of sulfite ion in steel corrosion in white 
liquor. It was found that a six- or sevenfold increase in 
corrosion rate occurred upon a reduction in sodium sulfite, 
in the liquor, of only 0.3 g.p.l. The linear relationship 
between liquor corrosivity and steel corrosion rate begins 
to break down as the sodium sulfite content of the liquor 
is reduced to about 1.5 g.p.1. 


A PREVIOUS study (Z) of steel corrosion in white 
liquor brought to light the anomalous behavior of 
sulfite ion in the application of Roald’s (2) corrosivity 
equation. Using the corrosivity equation (/) a di- 
mensionless number is obtained for the corrosiveness of 
the liquor. 


(Na2S.0;) (NazS) (NaOH + 0.4 NazS) 
»/ Na2SO3 


G= (k) (1) 
In experimental work, a plot of the corrosivity against 
corrosion rate should yield a straight line passing 
through the origin. A variation of the equation 
whereby the square root sign is omitted is called for 
under conditions of violent liquor agitation and low sul- 
fite ion concentration. Liquor concentrations are ex- 
pressed in grams per liter and k is a composite con- 
stant. 

Roald (2) successfully applied his equation to the 
data of Haegland and Roald (3). In the application 
of the equation to corrosion data in which the liquors 
used contained relatively large amounts of sulfite 
(4, 5), Roald found an empirical relationship in which 
corrosion rates were directly proportional to the square 
root of the liquor corrosivity. The weight-loss tests 
of Haegland and Roald (3) were conducted in unstirred 
liquor at controlled temperature, while those experi- 
- ments with liquor containing added amounts of sul- 
fite were made in laboratory digesters in the presence 
of chips and under actual cooking conditions. 

In the previous work cited (1), it was found that the 
corrosivity equation held very well until the sodium 
sulfite concentration fell to about 1 gram, per liter. 
Then a linear relationship was obtained only by plott- 
ing corrosion rates against the square root of the cor- 
rosivity as was done by Roald (2). However, Roald 
found this relationship to exist only where the sulfite 
ion concentration was appreciable, while the opposite 
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was found in this work. In addition, when the sulfite 
ion concentration dropped to the low values, a multi- 
fold increase in the corrosion rate took place. This is 
illustrated in Fig. 1, reproduced from the earlier work, 
where the upper curve was obtained from weight-loss 
tests in liquors containing 1 g.p.l. or less of sodium sul- 
fite. The liquors used in the experiments represented 
by the lower curve contained more than 1 g.p.l. of so- 
dium sulfite. As can be seen from Fig. 1, it is possible 
to observe two greatly differing corrosion rates at any 
given corrosivity. Whether the corrosion rate falls in 
the high or low range depends upon the sulfite ion con- 
centration. 

A prediction was made in the earlier work (/), in the 
absence of experimental data, that a family of curves, 
falling generally between the two curves in Figs 1, 
should be obtained with the parameter for each curve 
being the sodium sulfite concentration in the liquor. 
This paper is a presentation of the results of experl- 
ments subsequently carried out in attempts to sub- 
stantiate that prediction. 


EXPERIMENTAL 


A series of 28 weight-loss tests were made in kraft 
white liquor with the same steel used previously. 
Methods and procedures were identical to those of the 
earlier work, except that in these experiments, all of 
the white liquor was made by partial neutralization of 
an aqueous sodium hydroxide solution under oxygen- 
free conditions. A stock solution of liquor was stored 
under nitrogen and analyzed for sulfite, thiosulfate, sul- 
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Fig. 1. Corrosion of mild steel in kraft white liquor show- 
ing dual corrosion rates at single corrosivity values 
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Effect of Sulfite lon Concentration on Corrosion Rate of Mild Steel in Kraft White Liquor 


Table I. 
7 i Liquor Corr. rate, 
Test no. Nas Noon” Po eee 0.8203 Na2xS03 corroeivity g./m.?/day* 

39. 102.3 wh) 0.99 17,900 8.80 

: ee 102.3 6.96 0.93 33,900 11.0 
39.7 102.3 10.3 0.90 50,800 13n6 

39.7 102.3 13.6 0.93 66,300 15.4 
2 39.7 102.3 3.10 1.28 15,500 (ate 
39.7 102.3 6.98 12 29,700 9.87 

39.7 102.3 10.3 ih 4 45,200 Ibe 7 

39.7 102.3 13.4 1.20 57,400 oe, 

3 39.7 102.3 3.66 1.42 14,500 7.36 
39.7 102.3 8.07 1.45 31,500 9.52 

39.7 102.3 eles 1.39 44 ,800 ileal 

39.7 102.3 14.7 1.45 57, 500 1236 

4 39.8 100.4 4,42 i Wares 15,400 2.15 
39.8 100.4 9.00 1.80 31,100 3.50 

39.8 100.4 12.6 1.81 43 ,400 4.36 

39.8 100.4 liza ath 59,000 5.58 

5 39.8 100.4 5.38 2.75 15,000 2.02 
39.8 100.4 il gat 2.85 30, 600 Sle 

39.8 100.4 15.2 2.79 42,200 3.87 

39.8 100.4 21.4 2108 60,000 5.18 

6 39.8 100.4 5.20 5208 10,800 1.04 
39.8 100.4 HOGS Selo 21,100 1.84 

39.8 100.4 14.1 4.95 29,100 2.46 

39.8 100.4 19.1 5.00 39, 800 3.50 

al 39.8 100.4 We 14.46 15,300 1.44 
39.8 100.4 26.2 14.39 31,600 2570 

39.8 100.4 315) 47) 14.15 43,200 3.74 

39.8 100.4 49.3 14.18 60 , 500 4.91 

a Average of four steel samples. 
fide, and hydroxide by the methods used previously. DISCUSSION 


From these values, the corrosivity of the stock liquor 
was. calculated, using equation (1). The corrosivity 
was altered to the desired values for the weight-loss 
tests by addition of sulfite and thiosulfate to smaller 
volumes drawn from the stock solution. The smaller 
volumes actually used for the tests were then re-ana- 
lyzed for sulfite and thiosulfate to determine their exact 
concentrations. 

The results of these experiments, together with the 
values for the liquor constituents, are presented in Table 
I. The corrosivity and corrosion rate values are shown 
in graphical form in Fig. 2. 
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40 80 


CORROSIVITY x 107> 
Fig. 2. Corrison of mild steel in kraft white liquor show- 


ing dependence of corrosion rate on sulfite ion concentra- 
tion at a given liquor corrosivity 
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From the plotted results of the weight-loss tests 
shown in Fig. 2, it can be seen that the previous pre- 
diction of a family of curves has been substantiated. 
It can be seen from the table that the experiments were 
performed in groups of four, whereby the liquors in each 
group had a different corrosivity but contained essen- 
tially the same amount of sodium sulfite. This is re- 
flected in Fig. 2 where each curve is drawn from four 
data points, with the exception of the lowercurve. The 
data points from the last two groups of weight-loss 
tests, where the liquors contained about 5 and 14 g.p.l. 
of sodium sulfite, respectively, all fell on a single curve. 
Then, as the sodium sulfite content dropped below 
about 5 g.p.]., a new curve appeared for each concentra- 
tion and corrosion rates slowly increased. When the 
sodium sulfite content dropped from 1.75 to 1.45, a 
difference of only 0.3 g.p.l., a six- or sevenfold increase 
in the corrosion rate occurred. As the sodium sulfite 
concentration decreased further, the corrosion rate con- 
tinued to increase, but at about the same rate as ini- 
tially observed. This behavior is illustrated by the 
grouping of the six curves in two regions in Fig. 2. 

Evidently, a variance in the sodium sulfite content 
of the liquor at values above about 5 g.p.l. does not 
interfere with the application of the corrosivity equa- 
tion, but as the sodium sulfite content falls much below 
5 g.p.l., conditions are approached that result in a 
sudden change in the cathodically controlled corrosion 
mechanism. From Fig. 2 it appears that a decrease in 
the sodium sulfite content from 1.75 to 1.45 g.p.l. can 
under otherwise constant conditions, cause this shift in 
the reaction mechanism. 

A more exact examination and definition of the crit- 
ical sodium sulfite concentration presumed responsible 
for the sudden increase in corrosion rate is limited by 
present methods of liquor analysis. In a complex solu- 
tion of salts such as white liquor, the best available 
method for determination of sulfite cannot be considered 
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as being more accurate than within about a tenth of 
a gram per liter of the true value in spite of reported 
values, in this paper, to the nearest hundredth of a 
gram per liter. It may be that a method for sulfite 
and thiosulfate developed recently by Bilberg (6) in 
Norway will yield more precise analytical results and 
thus allow more exact evaluation of the role of sulfite 
ion in steel corrosion. 
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A Thermodynamic Study of the System Sodium 
Sulfite-Sodium Bisulfite-Water at 29°C. 


ROBERT S. MORGAN 


A thermodynamic study was made on the system sodium 
sulfite-sodium bisulfite-water at 25°C. The activity 
coefficients of sodium sulfite and sodium bisulfite in the 
various solutions of the system were calculated from iso- 
piestic yapor-pressure measurements and dynamic gas 
The com- 
position of the various solutions of the system were deter- 
mined from the thermodynamic data. The significance 
of the results is discussed together with the applicability 
of the approach used in this study to future studies. 


saturation vapor-pressure measurements. 


Iv 18 common knowledge that a sodium bisulfite 
solution exhibits a vapor pressure of sulfur dioxide. 
That is, when sodium bisulfite is dissolved in water, the 
odor of sulfur dioxide is very strong above the solution. 
It is evident from this observation that the sodium bi- 
sulfite must undergo a chemical reaction in the solution 
producing sulfur dioxide. It is also evident that a 
sodium bisulfite solution must contain more than two 
constituents. ‘There is no known analytical method 
whereby the composition of a sodium bisulfite solution 
can be ascertained. However, it is possible to calculate 
the composition of such a solution at equilibrium from 
thermodynamic data. 

The problem of the composition of a sodium bisulfite 
solution is a portion of the problem of the composition 
of the various solutions of the system sodium sulfite— 
sodium bisulfite-water. The object of this work was to 
make a thermodynamic study of this system; the final 
goal of the work was to determine the composition of 
the various solutions of the system. This system is 
only one example of the many solutions of mixed elec- 
trolytes involving chemical reaction that are found in 
the process liquors of the pulp and paper industry. No 
work has been found in the literature presenting a 
thermodynamic study of mixed electrolyte solutions 
involving chemical reaction. 


NOMENCLATURE 
a =P ACULVALY, 
I = ionic strength 
K = equilibrium constant defined by equation (3) 
K’ = equilibrium constant defined by equation (8) 


Ropert 8. Morean, Graduate Student, The Institute of Paper Chemistry, 
Appleton, Wis.; present address, Mohawk Paper Mills, Inc., Cohoes, N. Y. 
Work performed at The Institute of Paper Chemistry. 
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natural logarithm 

molality of total sodium 

vapor pressure, mm, of mercury 

fraction of the total ionic strength contributed by a 
given constituent 

valence 

mean molal activity coefficient 


tou u dl 


Subscripts 


an ionic species 

solution used as lower limit of integration in equation(7) 
reference electrolyte 

sulfur dioxide 

water 

sodium sulfite 

sodium bisulfite 


WEE Hy ts 
rude 


THERMODYNAMIC CONSIDERATIONS 


The system sodium sulfite-sodium bisulfite-water is a 
part of the general system sulfur dioxide-sodium hy- 
droxide-water. When sulfur dioxide is added to an 
aqueous solution of sodium hydroxide, the initial reac- 
tion is 

2NaOH aq) + SOv(aay = Na2SOs(aay + B20 (1) 


There is an equivalence point, called the first equiva- 
lence point, at a pH of about 10. At this equivalence 
point it is generaly assumed that equation (1) is dis- 
placed virtually completely to the right and that the 
solution is essentially a pure sodium sulfite solution. 

If the addition of sulfur dioxide is continued past the 
first equivalence point, further reaction takes place as 
described by the following equation: 


Na2SO3(aq) aE SO2(aq) ae H2,0q) = 2NaHSOs (aq) (2) 


There is an equivalence point, called the second equiva- 
lence point, for this reaction at a pH of about 4. It is 
the general system described by equation (2) bounded 
by the two equivalence points that defines the specific 
system sodium sulfite-sodium bisulfite-water. 

This equation elucidates the composition of a sodium 
bisulfite solution. The observation that there is a vapor 
pressure of sulfur dioxide above sodium bisulfite solu- 
tions indicates that equation (2) is not displaced com- 
pletely to the right and that a sodium bisulfite solution 
contains sodium sulfite, sodium bisulfite, dissolved 
sulfur dioxide and water. It should be noted that in 
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addition to the specific constituents indicated by the 
equation, there are small amounts of hydrogen, hy- 
droxy], and bisulfite ions present in the solution 
governed by the dissociation of the dissolved sulfur 
dioxide (sulfurous acid) and water. It is evident that 
the reaction expressed by equation (2) is important in 
determining the composition of the entire sodium sul- 
fite-sodium bisulfite-water system. 

The system sodium sulfite-sodium bisulfite-water can 
be defined in terms of the total sulfur dioxide and total 
sodium in the system. If sulfur dioxide, sodium hy- 
droxide, and water are placed together in a closed vessel 
with an inert gas, nitrogen, at 25°C. and a total pres- 
sure of one atmosphere, there will be two phases present. 
Gibbs’ phase rule states that such a system will have 
four independent variables. Two of these independent 
variables have already been specified—the temperature 
and the total pressure. Thus, the other two independ- 
ent variables could be chosen as the total sulfur dioxide 
and the total sodium. However, it is more convenient 
to choose these other two independent variables as the 
total sodium and the ratio of total sulfur dioxide to 
total sodium. The four independent variables thus 
chosen for this study were the total sodium, the ratio 
of total sulfur dioxide to total sodium, a total pressure 
of one atmosphere, and a temperature of 25°C. In the 
case of sodium sulfite—-bisulfite mixtures, the total 
sodium is expressed in terms of the total ionic strength. 


The system sodium sulfite-sodium bisulfite-water has 
already been defined by means of the equivalence points 
of the reactions described by equations (1) and (2). 
It is evident from equation (1) that the first equivalence 
point occurs when the ratio of total sulfur dioxide to 
total sodium is 0.5; also, it is evident from equation (2) 
that the second equivalence point occurs when the ratio 
of total sulfur dioxide to total sodium is 1.0. Thus, the 
system sodium sulfite-sodium bisulfite-water is also 
defined as the system sulfur dioxide—sodium hydroxide— 
water when the ratio of total sulfur dioxide to total so- 
dium has values from 0.5 to 1.0. There are three terms 
commonly used to define portions of these systems. 
When the ratio of total sulfur dioxide to total sodium 
is: (1) 0.5, the system is called a ‘‘sodium sulfite solu- 
tion’; (2) 1.0, the system is called a “‘sodium bisulfite 
solution’; (3) between 0.5 and 1.0 the system is called 
“sodium sulfite-bisulfite mixtures” or “‘sodium sulfite- 
bisulfite solutions.” 

It is evident from the preceding discussion that the 
chemical reaction described by equation (2) is the main 
one to be considered in the system sodium sulfite—so- 
dium bisulfite-water. The equilibrium equation for 
this reaction is 


Roe ay” = yo"? (3) 
a dgawy 713M Agaw 
where 
K = the equilibrium constant 
@ = the activity of sodium bisulfite 
a = the activity of sodium sulfite 
ag = the activity of dissolved sulfur dioxide 
dy = the activity of water 
y2 = the mean ionic molal activity coefficient of sodium 
bisulfite 
mM, = the molality of sodium bisulfite 
y, = the mean ionic molal activity coefficient of sodium 
sulfite 
m, = the molality of sodium sulfite 
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Mean ionic molal activity coefficients are used primarily 
in this study and are subsequently called simply “ac- 
tivity coefficients.” The only exception to this is in 
the case of ions, where the symbol y is used for the ionic 
activity coefficient. The usual conventions defining 
the standard states as given by Lewis and Randall (1) 
are used. The material balance equation for the total 
sodium in the system is 


MmNa = 2m, + me (4) 


where my, = molality of total sodium in the system. 
[Equation (4) neglects the small number of sodium ions 
in the solution that are not accounted for by the concen- 
trations of sodium sulfite and sodium bisulfite.] Equa- 
tions (3) and (4) can be solved simultaneously for the 
molality of sodium sulfite, 7, and the molality of so- 
dium bisulfite, m2, providing the other quantities in 
these two equations are known. The concentration of 
the other constituents in the system can be only esti- 
mated since activity coefficients for ions are not known. 
The methods of evaluation used for each of the other 
quantities in these equations are now discussed. 


THERMODYNAMIC DATA 
Activity Coefficients of Sodium Bisulfite 


The activity coefficients of sodium bisulfite in aqueous 
solution were calculated from water vapor-pressure 
measurements on sodium bisulfite solutions. It was 
possible to measure the vapor pressure of sulfur dioxide 
above the sodium bisulfite solutions simultaneously 
with the water vapor-pressure measurements by using 
an apparatus similar to that used by Johnstone (2). 
Johnstone’s apparatus was modified slightly by placing 
a presaturating flask similar to those described by 
Taylor (3) in the system before the first equilibrium 
tube. The procedure that was used was essentially 
the same as Johnstone’s procedure except that the 
method of using the Vanier bulb was modified by using 
sodium hydroxide as the absorbent for sulfur dioxide 
and by using a weighing procedure that permitted 
weighing the bulb to the nearest 0.1 mg. The amount 
of sulfur dioxide absorbed was determined by oxidizing 
the absorbed sulfur dioxide with peroxide and titrating 
the excess sodium hydroxide with standard acid. The 
constant temperature bath was maintained at 25.00 + 
0.05°C. 

The sodium bisulfite solutions were prepared from a 
stock sodium bisulfite solution by dilution with de- 
aerated water. The stock solution was prepared by 
adding the stoichiometric amount of sulfur dioxide to a 
concentrated sodium hydroxide solution so that the 
ratio of total sulfur dioxide to total sodium was 1.0. 
Oxidation of the solutions was minimized by keeping 
the solutions under nitrogen and by adding 0.1% of 
hydroquinone to the stock bisulfite solution. 

The results of the vapor-pressure measurements are 
given in Table I. With the exception of the data for 
the 7-molal solution, the values given in the table are 
the mean of five determinations; the values for the 
7-molal solution are the mean of four determinations. 
The standard error of each value in the table is less than 
0.5% except for the sulfur dioxide vapor-pressure values 
for the 0.57- and the 1.0- molal solutions; in these two 
cases, the absolute values of the standard error are about 
the same as they are for the other concentrations. 
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Table I. Vapor Pressures of H.O and SO: Above NaHSOs; 


Solutions at 25°C. 


Total sodiwm H20 vapor SO2z vapor 
molality, mNa press., mm. Hg press., mm. Hg 
0 Se One ens: aan qk 
0.5723 23.38 (0.4%) 1.01 (2%) 
1.048 23 .08 (0.8%) 1.80 (1%) 
1.948 22.57 (0.2%) 3.64 (0.2%) 
4.745 20.65 (0.3%) 9.59 (0.2%) 
7.015 19.57 (0.4%) 13.98 (0.1%) 


a The number in parenthesis after each value is the standard error of the 
value expressed as a percentage of the value. 


These data have been plotted in Fig. 1. The equa- 
tions for the regression lines calculated from the data 
are given on the figure. It is believed that the water 
vapor-pressure data as represented by the regression 
line equation have a standard error of about 0.8%. 
~The standard error of the sulfur dioxide vapor-pressure 
data as represented by the regression line equation is 
believed to be 0.2 to 0.3 mm. of mercury or about 0.5% 
over most of the range of the data. 

The activity coefficients of sodium bisulfite in aqueous 
solution were calculated from equation (5): 


55.51 Ike 
aw=1 


In (Iy2) = In (Irnyr) — 5 Ft 
|=, (2020) | Dep eed ie etn a ~*(8) 


total ionic strength 
X1 qT, /T 
X2 To ql 


The total ionic strength is defined by 


I = =mizi? (6) 
4 

where z; = valence of the ion 7. The subscript R in 
equation (5) designates a reference solution. Equation 
(5) is a form of the McKay-Perring equation (4) sug- 
gested by Bonner and Holland (4). It is designed to be 
used with isopiestic vapor-pressure measurements. In 
the isopiestic method, two solutions are equilibrated in 
a closed vessel at constant temperature until the vapor 
pressures (or more strictly, the activities) of the water 
in both solutions are the same. Thus, in equation (5), 
the quantities designated with the subscript R are the 
values of the quantities for the reference solution that is 
isopiestic with the sodium bisulfite solution for which 
the calculation is being made. In this case, a given 
sodium bisulfite solution would be equilibrated iso- 
piestically with a reference solution; sodium chloride 
is the most common reference solution because its 


Py (MM. Hg) =23.76-0.6174M\, 


VAPOR PRESSURE, p(MM. Ha) 


Pe (MM. Hg) = 1.990M\, 


TOTAL SODIUM MOLALITY, mya 


Vapor pressures of HO and SO, above NaHSO; 
solutions at 25°C. 


Fig. 1. 


activity-coefficient data are well established (6). Since 
the water vapor-pressure data for sodium bisulfite were 
measured directly, the vapor-pressure data were con- 
verted to isopiestic data by determining the concentra- 
tion of the sodium chloride solution that was isopiestic 
with each sodium bisulfite solution of interest. 

The activity-coefficient data from 0.4 to 7 molal were 
calculated directly from the equation. The activity- 
coefficient data below 0.4 molal were obtained by 
extrapolation. The values for the activity coefficients 
of sodium bisulfite calculated in this manner are given 
in Table II and Fig. 2 in the column and curve, re- 
spectively, designated 1.0. It is estimated that the 
standard error of the activity-coefficient data for sodtum 
bisulfite in sodium bisulfite solutions is about 8%. 

The activity coefficients of sodium bisulfite in the 
various sodium sulfite-bisulfite mixtures were also 
calculated from equation (5). The data used for this 
calculation were isopiestic data for the sodium sulfite 
solutions, isopiestic data determined for sodium-bisulfite 
solutions when the molal ratio of sulfite to bisulfite was 
1:1, and the converted vapor-pressure data for sodium 
bisulfite solutions. The isopiestic data for sodium sul- 
fite solutions were determined as a part of the study of 
this system in order to calculate the activity coefficients 
of sodium sulfite in sodium sulfite solutions; this work 
has been submitted for publication elsewhere (7). The 
isopiestic data for the sulfite-bisulfite solutions were ob- 
tained using the same apparatus and procedure that 
were used in the case of sodium sulfite. It is believed 
that the isopiestic data in both cases have a standard 


Table II. Activity Coefficients of Sodium Bisulfite in Sodium Sulfite-Bisulfite Solutions at 25°C. 
joni Total moles sulfur dioxide/total moles sodium 
Anan ae 0.6 0.6 0.7 ; 0.8 0.9 1.0 
0.1 0.705 0.705 0.705 0.705 0.705 0.705 
Ps nz 0.613 0.613 0.613 0.613 0.613 0.607 
0.3 0.550 0.550 0.550 0.550 0.550 0.542 
0.4 0.505 0.505 0.505 0.505 0.505 0.492 
0.5 © 0%475 0.475 0.475 0.475 0.474 0.464 
0.65 0.476 0.464 0.451 0.446 0.440 0.434 
0.8 0.497 0.469 0.441 0.427 0.416 0.410 
1.0 0.517 0.473 0.429 0.406 0.394 0.386 
2.0 0.606 0.500 0.393 0.3438 0.330 0.321 
3.0 0.657 0.516 0.374 0.311 0.301 0.292 
4.0 0.694 0.529 0.367 0.294 0.285 0.275 
5.0 0.727 0.547 0.367 0.286 0.277 0.264 
6.0 0.773 0.574 0.373 0.283 0.271 0.257 
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Table III. Molalities of Isopiestic Na:,SO,-NaHSO; and 
NaCl Solutions at 25°C. 


Total ionic strength of 
Na2xSO3;-NaHSOs3 solution, I 


0.4764 (0.09%) 


Molality of NaCl, mr 
0.2962 (0.14%) 


1.150 (0.03%) 2.001 (0.01%) 
2.384 (0.03%) 4.364 (0.02%) 
2.993 (0.06%) 5.490 (0.08%) 
3.462 (0.03%) 6.327 (0.08%) 
3.679 (0.01%) 6.709 (0.03%) 


@ The number in parenthesis after each value is the standard error of the 
value expressed as a percentage of the value. 


error of about 0.1%. The isopiestic data for the sul- 
fite-bisulfite solutions are given in Table III; the values 
in the table are the means of three replicates. 

These three sets of isopiestic data were plotted to- 
gether and smooth curves were drawn through the data 
to permit interpolation of the data for the values of 2 
used in the equation. Activity-coefficient data for 
mixtures with a total ionic strength of 0.65 and higher 
were calculated directly from the equation. The ac- 
tivity-coefficient data for values of the total ionic 
strength below 0.65 were determined by extrapolating 
the mixture data to infinite dilution. These data are 
given in Table II and Fig. 2. The values of the activity 
coefficients of sodium bisulfite when the ratio of total 
sulfur dioxide to total sodium is 0.5 were obtained from 
the other activity-coefficient data by extrapolation. 


Activity Coefficients of Sodium Sulfite 


An equation analogous to equation (5) can be written 
to calculate the activity coefficients of sodium sulfite in 
the various sulfite-bisulfite mixtures. The equation is 


38 In (1y,/Z@ yr) = ela Irvp/IRwm Vp) = 
aw 
55.51 f, }3m (20) + 3/I -— 1/Txt Gy Nal tek (C70) 
Awir) Ox dw 


This equation was obtained by integrating an equation 
analogous to the differential form of equation (5) using 
a solution of finite, dilute concentration designated by 
the subscript 7 for the lower limit of integration. It was 
necessary to use this form of the equation rather than 
the form used for equation (5) because the extrapolation 
required to evaluate the integral could not be performed 
with sufficient accuracy. The data used for these cal- 
culations were the same as those used for the calculation 
of the sodium bisulfite activity-coefficient data for the 
sulfite-bisulfite mixtures. The  activity-coefficient 
ratios were calculated from the equation for total ionic 
strengths of 0.5 and above. ‘The activity coefficients 
were calculated from these ratios by assuming that the 


o7H o 
05 


o6b | 


0.6 


0.5 


0.4 


0.3 


TOTAL IONIC STRENGTH, |! 


Fig. 2. Activity coefficients of NaHSO; in Na2SO;- 
NaHSO; solutions at 25°C. 


activity coefficients of sodium sulfite in all of the mix- 
ture solutions at a total ionic strength of 0.5 were equal 
to the activity coefficient of sodium sulfite in pure solu- 
tion at the same total ionic strength. The activity- 
coefficient data determined in this manner are given in 
Table IV and Fig. 3. The activity coefficients of so- 
dium sulfite in sodium sulfite solutions (7) are given in 
Table IV and Fig. 3 in the column and by the curve, 
respectively, designated 0.5. The values of the activity 
coefficients of sodium sulfite when the ratio of total 
sulfur dioxide to total sodium is 1.0 were obtained from 
the other activity-coefficient data by extrapolation. 

It is estimated that the standard error of the activity- 
coefficient data for sodium sulfite and sodium bisulfite 
in the sulfite-bisulfite mixtures is the same as that for 
sodium bisulfite in sodium bisulfite solutions, or about 
8%. Any error introduced by making the assumption 
that the sodium sulfite activity-coefficient data for the 
sulfite-bisulfite mixtures converge at total ionic strength 
of 0.5 is well within this value of the standard error. 
The activity-coefficient data for sodium sulfite in sodium 
sulfite solutions were estimated to have a standard error 
of about 0.5%. 


Significance of the Activity-Coefficient Data 


It is believed that the activity-coefficient data for 
sodium sulfite and sodium bisulfite in sodium sulfite- 
bisulfite solutions are the first of their kind to be cal- 
culated from experimental data. Han and Bernardin 
(8) calculated the activity coefficients of sodium bi- 


Table IV. Activity Coefficients of Sodium Sulfite in Sodium Sulfite-Bisulfite Solutions at 25°C. 


Total ionic 


Total moles sulfur dioxide/total moles sodium 
0.7 0.8 


strength, I 0.6 0.6 0.9 1.0 
0.1 0.571 0.571 0.571 0.571 O71 0.571 
0.2 0.486 0.486 0.486 0.486 0.486 0.486 
0.3 0.488 0.488 0.488 0.488 0.4388 0.488 
0.4 0.404 0.404 0.404 0.404 0.404 0.404 
0.5 0.379 0.379 0.379 0.379 0.379 0.379 
0.65 0.352 0.358 0.372 0.376 0.391 0.402 
0.8 0.331 0.345 0.364 0.374 0.395 0.409 
10 0.308 0.324 0.353 0.372 0.400 0.419 
2.0 0.248 0.267 0.314 0.364 0.399 0.420 
Bo) 0.218 0.238 0.295 0.366 0.401 0.420 
4.0 0.199 0.223 0.287 0.379 0.414 0.482 
AO) 0.188 0.217 0.288 0.400 0.4388 0.460 
6.0 0.181 0.216 0.294 0.423 0.473 0.490 
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Fig. 3. Activity coefficients of Na,SO; in Na2SO;-NaHSO; 
solutions at 25°C. 


carbonate in sodium carbonate-bicarbonate solutions 
from an equation analogous to equation (38): 


K ‘dH 0460,12C037 Y 1/ 
2 
y == ( 2 2 3 CO, 8 
HCO3 ; ; ( ) 


These authors showed from considerations of the Debye- 
Hiickel interionic theory and the definition of mean ionic 
activity coefficients that at infinite dilution the activity 
coefficient of sodium bicarbonate equals the activity 
coefficient of bicarbonate ions and the activity coeffi- 
cient of sodium carbonate equals the square root of the 
activity coefficient of carbonate ions. It is not known 
how well these relationships hold as the concentration 
is increased. Nevertheless, Han and Bernardin as- 
sumed that these relationships are reasonably valid at 
finite concentrations and calculated the activity coeffi- 
cients of sodium bicarbonate from equation (8). 

These workers evaluated each of the quantities in 
equation (8) as follows: (1) The equilibrium constant 
K’ from data in the literature; (2) the activity of water 
du,0 by assuming that it is equal to its mole fraction in 
accordance with Raoult’s law; (3) the activity of carbon 
dioxide aco, from carbon dioxide vapor-pressure data 
for the sodium carbonate-bicarbonate system; (4) the 
molalities of carbonate and bicarbonate ions by stoichio- 
metric calculations from assumed values of the fraction 
of sodium as bicarbonate and the total ionic strength, 
the calculation parameters; (5) the activity coefficients 
of carbonate ions from the activity-coefficient data for 
sodium carbonate. It is evident that there are several 
questionable assumptions in this calculation procedure. 
The most serious of these are the assumptions of the 
relationships between the ionic and molal activity 
coefficients, and the assumption that the activity co- 
efficients of the carbonate ions are not a function of the 
fraction of sodium as bicarbonate. It is not possible to 
assess the magnitude of the errors introduced into the 
calculations by these assumptions without additional 
experimental data. It should also be noted that it is 
possible that all of the assumptions are valid for the so- 
dium carbonate-bicarbonate system. 

The activity-coefficient data calculated by Han and 
Bernardin were obtained as a function of the fraction of 
sodium as bicarbonate and the total ionic strength. 
However, they reported the activity-coefficient data as 
a function of the total ionic strength only. The varia- 
tion of the data with the fraction of sodium as bicar- 
bonate was less than 5%; thus, these authors did not 
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feel justified in reporting the data as a family of curves 
similar to the data for sodium bisulfite in Fig. 2 on the 
basis of their data alone because of the assumptions in- 
volved in their calculation procedure. 


It is now possible to examine the activity-coefhicient 
data for sodium bicarbonate in the light of the activity- 
coefficient data obtained in this study for sodium bisul- 
fite and sodium sulfite. The activity-coefficient data 
for sodium bisulfite indicate that the variation of the 
activity-coefficient data of sodium bicarbonate with the 
fraction of sodium as bicarbonate is significant. In- 
deed, examination of the original plot of the bicarbonate 
data showed that a definite and consistent variation in 
the individual data points with the fraction of sodium 
as bicarbonate comparable to that for sodium bisulfite 
exists. Furthermore, this plot also shows evidences of 
convergence of the family of curves at low concentra- 
tions and divergence at high concentrations similar to 
the data for sodium bisulfite. This convergence and 
divergence is more pronounced in the data for the 
activity coefficients at 50 and 65°C. 

The variation of 5% in the activity-coefficient data 
of sodium bicarbonate with the fraction of sodium as 
bicarbonate is considerably smaller than the similar 
variation of 80% found for the sodium bisulfite data. If 
activity-coefficient data for carbonate ions having a 
variation with the fraction of sodium as bicarbonate 
comparable to that for sodium sulfite were used for the 
calculations, then the resulting activity-coefficient data 
for sodium bicarbonate would show a variation with the 
fraction of sodium as bicarbonate of up to 50%. It 
should be noted, however, that the amount of this varia- 
tion cannot be inferred from the data on the sulfite- 
bisulfite system; it can only be said that a certain 
amount of variation is expected and that the amount of 
variation obtained for the activity coefficients of sodium 
bicarbonate is significant. The activity-coefficient data 
for sodium bicarbonate calculated from experimental 
measurements by Busche (9) indicate that the varia- 
tion of the activity coefficients with the fraction of 
sodium as bicarbonate may be considerably smaller 
than the comparable variation obtained for sodium 
bisulfite. Busche has shown that these calculated 
activity-coefficient data for sodium bicarbonate are 
consistent with those derived from measurements of the 
pH of sodium carbonate-bicarbonate solutions and the 
solubility of sodium bicarbonate in sodium carbonate- 
bicarbonate solutions. 

Figures 2 and 3 show that the activity-coefficient data 
for both sodium sulfite and sodium bisulfite converge as 
the ionic strength decreases. The data for sodium 
bisulfite show that the well-known Lewis and Randall 
assumption, that the activity coefficients of an electro- 
lyte in a mixed electrolyte solution are a function of the 
total ionic strength of the solution and not the kinds of 
ions present, holds for the sodium-bisulfite data up to 
an ionic strength of about 0.5. However, above an 
ionic strength of 0.5, the use of this assumption could 
lead to an error of up to 70% in the activity coefficient. 

The pH data for sodium bisulfite solutions reported in 
the literature (10, 11) show that a plot of the pH versus 
molality goes through a sharp minimum at about 0.05 
molal and a maximum at about 0.35 molal. The differ- 
ence between the value of the pH at the minimum and 
the maximum is about one pH unit—meaning, of course, 
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Fig. 4. pH of NaHSO; solutions at 25°C. 


a tenfold change in the hydrogen ion activity. Figure 
4 shows the pH data obtained in this study; they do not 
show any evidence of such a phenomenon. 

The pH of a sodium bisulfite solution can be calcu- 
lated from the equations for the ionization constants of 
sulfurous acid. Even though the values of pH cal- 
culated from these equations are only approximate 
when the concentration is increased from infinite dilu- 
tion, the functional relationship should still be generally 
the same. The values of the pH calculated from these 
equations for molalities from 0.1 to 0.65 all lie on a 
smooth curve without maxima or minima; this curve 
does not differ significantly from the curve of the meas- 
ured pH values over the range of molality from 0.1 to 
0.3. It was estimated from these equations that abrupt 
changes in the activity-coefficient data of the order 
of 50% would be necessary in order to produce the varia- 
tion in the pH data observed by the other workers. 
This amount of variation is extremely unlikely, espe- 
cially in these dilute solutions. Hence, it is concluded 
that the pH data reported by these other workers are 
thermodynamically inconsistent. 


Calculation of Water Activity 


The activity of water, a, for any given aqueous solu- 
tion is equal to the ratio of the fugacity of the water 
vapor above a given solution to the fugacity of pure 
water at the same temperature. In this case, vapor 
pressure can be substituted for fugacity within the 
accuracy of the experimental data. 


Calculation of the Equilibrium Constant 


The equilibrium constant, K, can be shown to be 
equal to the ratio of the first and second ionization con- 
stants of sulfurous acid. The value of the first ioniza- 
tion constant was determined from the values reported 
in the recent literature (12-15). One value (12) was 
discarded because of the lower order of accuracy of the 
work; another value (13) was discarded because it was 
over 14 standard errors away from the mean of the four 
remaining values, 0.0128. It is estimated that this 
value has a standard error of about 5%. There are 
only two values of the second ionization constant re- 
ported in the literature that were obtained using meth- 
ods of high accuracy. Both sources (13,14) give 
6.24 X 10-8; it is estimated that the standard error 
of this value is about 5%. 
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Calculation of the Sulfur Dioxide Activity 


It can be shown that the activity of sulfur dioxide, 
as, can be evaluated from the Henry’s law constant for 
the sulfur dioxide-water system and the vapor pressure 
of sulfur dioxide above the particular solution of the 
sulfite-bisulfite system of interest. The Henry’s law 
constant was evaluated using the method of Johnstone 
and Leppla (15) by combining the solubility of sulfur 
dioxide in water data of Parkinson (16) with that of 
Johnstone and Leppla. This calculation yielded a value 
of 1.28 moles per 1000 g.-atm.; the previous value ob- 
tained by Johnstone and Leppla was 1.26 moles per 
1000 g.-atm. based on their vapor-pressure data alone. 
It is estimated that the standard error of the value of 
1.28 moles per 1000 g.-atm. is about 5%. 

No data are available on the vapor pressure of sulfur 
dioxide above sodium sulfite-bisulfife solutions at 25°C. 
Johnstone, Read, and Blankmeyer (17) have measured 
the vapor pressure of sulfur dioxide above some sodium 
sulfite-bisulfite solutions at 35°C. and higher tempera- 
tures. These data were extrapolated to 25°C. and 
plotted together with the sulfur dioxide vapor pressure 
data above sodium bisulfite solutions obtained in this 
study. The accuracy of the extrapolated data and the 
amount of data are insufficient to make more than the 
following qualitative statements about the solutions 
at 25°C. The vapor pressure of sulfur dioxide: 

(1) increases with increasing total sodium; 

(2) increases with increasing ratio of total sulfur 
dioxide to total sodium; 

(3) is less than 1 mm. of mercury at values of the 
ratio of total sulfur dioxide to total sodium below 0.95; 

(4) is less than 0.5 mm. of mercury at values of the 
ratio of total sulfur dioxide to total sodium less than 0.9; 

(5) is less than 0.1 mm. of mercury at values of the 
ratio of total sulfur dioxide to total sodium less than 0.8. 


DETERMINATION OF THE EQUILIBRIUM 
COMPOSITION 


Composition of Sodium Bisulfite Solutions 


The equilibrium equation, equation (3), was solved 
simultaneously with equation (4) to obtain the concen- 
tration of sodium sulfite and sodium bisulfite in sodium 
bisulfite solutions. The results are given in Table V. 

Kstimations of the standard errors of the molalities 
of sodium sulfite and sodium bisulfite were made by 
calculating the propagation of the errors of the indi- 
vidual quantities in the equilibrium equation. Thus, 
the standard error of the molality of sodium sulfite was 
estimated to be about 17% at all concentrations; the 
standard error of the molality of sodium bisulfite was 
estimated to be 0.2% for a 0.1-molal solution diminish- 
ing to about 0.003% for a 6-molal solution. This 
somewhat unusual result stems partly from the nature 
of the equilibrium equation and partly from the fact 
that the molality of sodium bisulfite is much larger 
than the molality of sodium sulfite. 

It can be shown from the data in Figs. 2 and 3 and 
in Table V that the effect of the presence of constituents 
other than sodium bisulfite on the sodium-bisulfite 
activity-coefficient data is well within the standard devi- 
ations of the activity-coefficient data. 

The various chemical equilibria involved and the data 
of Table V can be used to show that at a molality of 


Vol. 43, No. 4 April 1960 Tappi 


total sodium of 0.1 (about 0.1 molal) about 0.8% of the 
sodium bisulfite in a sodium bisulfite solution is dis- 
sociated, producing about 0.8 mole per cent of con- 
stituents other than sodium bisulfite in the solution; 
these values decrease with increasing concentration so 
that when the molality of total sodium is 6.0, about 
0.03% of the sodium bisulfite is dissociated, producing 
about 0.03 mole per cent of constituents other than 
sodium bisulfite. 


Composition of Sodium Sulfite Solutions 


The degree of hydrolysis of sodium sulfite in a 0.1- 
molal sodium sulfite solution was estimated to be about 
0.1%; it decreases with increasing concentration until 
at two molal it is estimated to be about 0.007% (7). 
These data can be used together with a consideration 
of the chemical equilibria involved to show that the 
products of hydrolysis in a 0.1-molal sodium sulfite solu- 


Table V. Composition of Sodium Bisulfite Solutions at 


25°C. 

Molality Molality Molality 
total sodium Na2SO3 NaHSOs 
@)g al 0.000376 0.09924 
0.2 0.000687 0.19863 
0.3 0.000906 0.29819 
0.4 0.001010 0.39798 
0.5 0.001040 0.49792 
OF 0.001020 0.69796 
1.0 0.000911 0.99818 
ie) 0.000887 1.49823 
D0) 0.000895 1.99821 
3.0 0.000936 2.99813 
4.0 0.000918 3.99816 
DED 0.000841 4.99832 
6.0 0.000731 5.99854 


tion comprise less than 0.2 mole per cent of the total 
moles of constituents in the solution and that this quan- 
tity decreases with increasing concentration until at two 
molal, it is about 0.015%. 


Composition of Sodium Sulfite-Bisulfite Solutions 


The composition of the various sodium sulfite- 
bisulfite solutions cannot be calculated because only 
qualitative sulfur-dioxide vapor-pressure data are 
available. However, it can be shown by qualitative 
reasoning that: (1) When the total sulfur dioxide to 
total sodium ratio is less than 0.9, the dissociation of 
sodium bisulfite is less than 0.1%, and that the relative 
amounts of sodium sulfite and sodium bisulfite present 
are essentially the same as the amounts calculated 
stoichiometrically. (2) When the ratio of total sulfur 
dioxide to total sodium is between 0.9 and 0.95, the 
dissociation of sodium bisulfite is estimated to be less 
than 0.2%. (3) When the ratio of total sulfur dioxide 
to total sodium is between 0.95 and 1.0, the per cent of 
dissociation of sodium bisulfite has values between the 
per cents dissociated at ratios of total sulfur dioxide to 
total sodium of 0.95 and 1.0. The concentrations of 
the minor constituents can be shown to be quite neglig- 
ible for most of the sulfite-bisulfite solutions; where the 
concentrations are not negligible, they can be inferred 
from the previous discussions of the compositions of 
sodium sulfite and sodium bisulfite solutions. 
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SIGNIFICANCE OF THE COMPOSITION DATA AND 
SUGGESTIONS FOR FUTURE STUDY 


It is believed that this study on the system sodium 
sulfite-sodium bisulfite-water represents the first at- 
tempt to make a thermodynamic study of mixed elec- 
trolyte solutions involving chemical reactions. The 
thermodynamic data obtained in this study have been 
used either to calculate or estimate the equilibrium 
composition of the various solutions of the system. 
This is particularly significant when it is realized that 
there is no known analytical method whereby the com- 
position of a mixed electrolyte solution involving chem- 
ical reaction can be ascertained. 


It might be concluded that the small difference 
between the composition of the solutions of the system 
arrived at in this study and the composition calculated 
from purely stoichiometric considerations is of little 
consequence. This conclusion may well be valid for 
some applications of the data; however, for equilibrium 
applications, no quantity that is present in the equilib- 
rium relationships can be neglected. For example, it 
was estimated that the activity of sulfur dioxide in a 
0.0333-molal sodium sulfite solution was 3 X 107™. 
The magnitude of this quantity is negligibly small; 
however, because of the mathematical nature of the 
equilibrium equation, equation (3), it cannot be neg- 
lected in consideration of the equilibria in sodium sulfite 
solutions. 


The importance of the minor constituents in a sodium 
sulfite solution can be illustrated further by considering 
the Arbiso pulping process (//). Itis claimed that the 
Arbiso process, a process for pulping using sodium sulfite 
solutions as the pulping liquor, is distinguished from 
the normal acid sulfite pulping process by the absence 
of sulfur dioxide in the cooking liquor. That this claim 
is fallacious is evident from previous discussion of the 
composition of sodium bisulfite solutions. It has been 
suggested that the active agent in acid sulfite pulping is 
sulfurous acid. If this is also true for the Arbiso proc- 
ess, then it follows that the presence of small amounts 
of dissolved sulfur dioxide may be the most important 
part of the system from a pulping viewpoint. 

The methods of calculation used in this study have 
indicated the general usefulness of the McKay-Perring 
equation for the calculation of activity coefficients of 
the constituents of mixed electrolyte solutions. In- 
deed, the most promising approach to further study of 
complex electrolyte solutions appears to be the appli- 
cation of the McKay-Perring equation to isopiestic 
vapor-pressure data. The outstanding advantages of 
this approach are: (1) the ease with which isopiestic 
data of high accuracy can be obtained; (2) the applic- 
ability of the McKay-Perring equation to systems con- 
taining any number of constituents: (3) the possi- 
bility of obtaining activity-coefficient data for an 
electrolyte which cannot be prepared in pure solution. 
There are two disadvantages to the approach: (1) 
tedious, iterative calculation procedures are required ; 
(2) evaluation of the integrals when the lower limit of 
integration is infinite dilution may be uncertain. The 
first disadvantage can be offset somewhat by the use of 
electronic computing devices. Obtaining careful iso- 
piestic measurements on very dilute solutions may 
completely eliminate the second disadvantage for many 
systems. 
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The Use of Surfactant in the Cold Caustic Pulping of 
Aspenwood 


ROBERT A. DIEHM, HARRY L. LARSON, and SIEGFRIED MEINSTEIN 


In an attempt to enhance penetration of cold soda liquor 
into hardwood, the effect of the addition of wetting agents 
to the pulpwood, and to the pulping liquor was studied. 
Of numerous surfactants examined, sodium xylene sul- 
fonate (SXS) appeared to be most suitable. Pulping 
experiments using aspenwood chips, indicate that a num- 
ber of other benefits may be derived from the use of 
SXS as a cold soda pulping adjunct. Thus, improvement 
in pulp quality was reflected in somewhat better strength 
properties, as evidenced by bursting and tear tests, as well 
as folding endurance. Also, the SXS-treated fibers are 
softer, defiber faster and more readily, requiring less 
power in refining and expelling processes. The most pro- 
nounced advantage in using SXS would appear to be 
in the increased pulp yield obtained. Precise cost anal- 
ysis for use of SXS on a plant-scale production cannot 
be made from limited volume runs. However, SXS 
is not at all consumed or altered during digestion; 
it retains its original activity when recycled with the 
recovered caustic liquor. Efficient liquor recovery would 
thus minimize cost, and power savings could completely 
offset any expenditures on SXS, leaving quality im- 
provement and pulp yield increase as a bonus. In com- 
paring pulps made with SXS and cold caustic with 
those from other pulping processes, it was found that the 
former very definitely are competitive with neutral sulfite 


pulps. 


In Any pulping process, there is a constant 
challenge to (a) improve the pulp quality, (b) increase 
the yield, and (c) reduce operating costs. Very often, 
one of these objectives can be reached at the expense of 
another, and usually it is most difficult to alter pulping 


Rosert A. Dieu, Professor, Department of Paper Technology, Western 
Michigan University, Kalamazoo, Mich., Harry L. Larson, Chemist, 
Witco Chemical Co., Inc., Chicago, Ill., and S1zarrirp Mrrnstre1n, Chem- 
ist, Witco Chemical Co., Inc., Chicago, III]. 
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conditions in such a way as to master all three chal- 
lenges at the same time. 

It was felt by us, that use of a suitable surfactant 
in the pulping of wood could possibly achieve advances 
in the three enumerated categories simultaneously (or 
at least in two, without affecting the third). This, we 
thought, could be accomplished by making more efh- 
cient use of chemicals in the pulping liquor through a 
surfactant. For example, by enhancing the dispersion 
and uniform penetration of the effective liquor to all 
fibers in a wood chip, actual digesting time as well as 
liquor concentration might be decreased for an equally 
efficient job, without unnecessarily fracturing fibers in 
some portions of the chip where a great differential in 
rate of liquor penetration might exist. 

An alkaline process was chosen in our work, since, 
contrary to the usual conception, it has been found that 
basic solutions penetrate into wood more slowly than 
do acid ones. The alkaline solution swells the cell 
walls of the wood, producing wider and more numerous 
diffusion paths across the fibers, and permits the dif- 
fusion of solute at rather equal rates in various direc- 
tions throughout the wood. By reducing the surface 
tension of the digesting liquor, faster and more even 
penetration of the latter into the wood should be ef- 
fected. Thus, a less concentrated pulping liquor might 
do an equally effective and even more uniform job, in 
less time. 

On the other hand, a surfactant may increase the 
pulping cost to some extent, particularly if a major por- 
tion of it is lost in the process. Therefore, the cold 
caustic pulping process was chosen for our investigation. 
This process is one of the few in which a major portion 
of the spent pulping liquors may be re-used directly. 
Thus, most of the the surfactant (unless actually con- 
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Fig. 1. Surface tension reduction of a 4.0% NaOH solution 
as a function of surfactant concentration 


sumed in the chemical process of digesting) could be 
recovered and used again without recourse to special 
techniques. 

In other pulping processes, such ready recovery of 
surfactants does not appear to be feasible. In the kraft 
process, the spent liquors are concentrated and ignited 
to recover the inorganic pulping chemicals during com- 
bustion of all organic components. Spent soda liquor 
is treated in a somewhat similar fashion. Therefore, in 
both processes, surfactants would be nonrecoverable by 
any economical means. Similarly, in the sulfite and 
neutral sulfite semichemical processes, spent liquor is 
not re-used, and practical separation and recovery of a 
surfactant is not possible. 

Since these economic considerations and the relatively 
slow rate of penetration of alkaline solutions into wood 
caused selection of the cold caustic process in which to 
try use of a surfactant, the next step was to choose the 
most suitable one for this purpose. This choice was 
quickly narrowed to several from the seemingly hun- 
dreds of different types available. Adverse foaming and 
solubility characteristics in the caustic liquor, as well 
as prohibitive cost, eliminated most of the commercially 
available surface-active agents. Lack of effectiveness 
in reducing surface tensions significantly in alkaline 
media caused us to discard others. In this manner, 
the field of possibly useful surfactants was narrowed to 
several, of which sodium xylene sulfonate (SXS) made 
by the Witco Chemical Co., and sodium toluene sulfon- 
ate appeared to show promise. 

Surface tension measurements of these chemicals in 
water showed that these values were too high to indicate 
much surface activity in dilute solutions. In strong 
electrolytic aqueous solutions, however, such as 4% 
sodium hydroxide, the surface tension values were de- 
creased enormously even at very dilute surfactant con- 
centration. Figure 1 shows this decrease very clearly, 
particularly in the case of SXS and alkyl-aryl poly- 
oxyethylene. The latter, however, is a typical foam- 
producing nonionic type. 

A limited investigation in the use of anionic and non- 
ionic surface-active agents in the cold caustic pulping 
of hardwoods has been made by Brown (1). Specific 
surfactants used in this work are not mentioned in his 
publication. His results showed that addition of 1% 
surfactant to the liquor increased the penetration in 
airdry, 1-in. cubes of wood by 50% during 2 hr. of 
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atmospheric steeping, whereas blocks containing 35% 
moisture picked up liquor 30% faster. Generally, 
Brown found that surfactants accelerate the penetra- 
tion of liquor into low moisture-content wood, but show 
little or no effect on the permeation of green wood. 
He further concludes that slight increases in brightness 
and strength properties of the pulp can be realized, and 
washing operations may be aided in improving the 
color of cold soda pulp by employing surfactants. 


EXPERIMENTAL 


Preliminary, small-scale, laboratory experiments in- 
dicated tht cold alkaline pulping of aspenwood chips 
with SXS in the liquor appeared to show greater fiber 
separation with less loss in strength. More elaborate 
experiments were conducted to (1) check these obser- 
vations, (2) note any yield increase, (3) possibly to 
study power requirements, (4) to study the consump- 
tion of SXS in the digesting process, and (5) to deter- 
mine the optimum concentration of SXS, and caustic. 

One of the paper mills, currently manufacturing high 
yield pulp from aspen, produces wood chips with an 
average size of 3/4 to 1/sin. thick and 1 to 13/, in. long. 
One thousand pounds of these chips in airdry condition 
were obtained for these experiments. 

‘A steel drum with a replaceable top was found that 
held 50 lb. of airdry aspenwood chips. Caustic soda 
solution was added to these chips at a ration Olea wD 
liquor to 1 of wood. Then the top was bolted on, and 
the drum was rolled on the floor for 2 hr. to carry out 
the digestion process. At the end of 2 hr., the liquor 
was drained from the wood chips, and the chips were 
passed through the. Bauer laboratory refiner, with the 
residual treating solution adhering to the chips. 

Power requirement determinations failed to reveal 
a clear picture, because the refiner was hand-fed rather 
than automatically fed under pressure. This inter- 
mittent feeding was no doubt responsible for the variance 
in some results. It is regrettable that, at times, the 
same power requirements were read for a sample that 
disintegrated easily as for one which offered more re- 
sistance. However, in all cases, the chips treated with 
a combination of caustic and SXS defibered more 
readily than did those treated similarly, but without 
SXS8. 

At a subsequent plant scale trial run, power savings 
of 30% at the expeller could be realized. Power con- 
sumption at the refiners showed little change. This, of 
course, is in conformity with expectations, since any 
power savings at the refiners might well indicate poorer 
pulp quality. 

To obtain more reliable information on defibering a 
different method of treatment was devised. The chips 
were treated in two quart jars tumbled continuously 
while tied to the spokes of a bicycle wheel. All the 
chips were run through the refiner repeatedly until the 
same condition of defibering resulted. By this method, 
the ones treated with SXS always showed faster defiber- 
ing. It can be said without question that SXS in the 
digesting liquor aids defibering. 

The digestions were carried out at 25°C. for a total 
of 2hr.ineach case. At the end of the digesting period. 
the caustic liquors were drained, the jars were filled 
with cold water four times and drained thoroughly after 
each refilling to wash out as much of the unreacted caus- 
tic as possible. All the wash water was added to the 
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Table I. Basic Data on Beater Curves for Strength 


Unbleached Commercial Kraft 
Nreeness Tile sas san ne 673 561 480. 400 


Bursting strength, DOINGS eee AD OrO2R Oa LOomOm LOGE 


Tear resistance, g.. 102 90 76 74 
Folding endurance, double folds. 440 1190 1490 890 


Bleached Commercial Kraft 


Hireeness smaller att neces ins ast 735 468 314 147 
Bursting strength, points. . ; 6.2 46.4 51.6 51. 
Tear resistance, g.... ee OU) 109 93 75 


Folding endurance, double folds. 5 510 677 870 


Unbleached Commercial Sulfite 
Breenessy Tle ci etn tees hace: 690 432 293 166 


Bursting strength, points....... DD OMMNZOr OD Oona emote 


Tear resistance, g... 54 55 45 49 
Folding endurance, double folds. 2 52 94 230 


Bleached Commercial Sulfite 


Hreeness inl yp cvcrp ser ape 736 486 271 131 
Bursting strength, points. . 4.6 30.4 35.9 41. 
Tear resistance, g. 50 50 35 32 


Folding endurance, double folds. 1 92 277 345 
Bleached Hardwood Soda 


IBreene ss min liye ited Wes) cos 0 roe 585 531 424 364 
Bursting strength, points. . é 2.6 874 715.3 25. 
pllearmesisvamCey f= a. nes 20 26 34 35 
Folding peace double folds. 1 2 5 a 
Commercial Neutral Sulfite 
FeO essen er hur ac eaten 744 614 396 150 
Bursting strength, points....... TRO me ULEG 825. 4ne EZ 
Mear resistance yg, eats a. ves. 22 37 37 33 
Folding endurance, double folds. 0 4 25 73 
Experimental 4% Caustic Steep with 1% MD-106 
IRireenesst alate 6 dein os cco eee 450 332 193 89 
Bursting strength, points....... SaS a elGr oa ORSir 25), 


Tear resistance, g.............. 34 - 36 32 28 
Folding endurance, double folds. 8 31 87 138 


Experimental 5% Caustic Steep 
Mreeness! tals orca cli mses condos 494 370 219 156 


Bursting strength, points....... 16.6 20.9 27.7 32. 


Tear, resistance, C00. ing 21 30 42 34 
Folding endurance, double folds. 11 26 107 254 


Experimental 4% Caustic Steep 
Mreenessy ml eet. oe eens lok ae: 632 520 397 284 


Bursting strength, points....... 87S ORS LOSS) 25.6) 


Mearwresistance, Sn aes nae. 40 47 38 39 
Folding endurance, double folds. 4 16 40 45 


Experimental 6% Caustic Steep 
HPCENeSs es TOM ake cone tesa 545 430 297 166 


Bursting strength, points....... 13.0 18.8 25.4 81. 


Tear resistance, g.. 50 55 51 51 
Folding endurance, double folds. 6 13 51 155 


Experimental 6% Caustic Steep with 1% MD-106 


Mreenessainiteenc. white a. 556 485 327 197 
Bursting strength, points....... Sime Ae ee OR GimeeZor 
Tear resistance, g.. 56 58 55 55 
Folding endurance, double folds. 5 7 16 41 
Experimental 5% Caustic with 1% MD-106 
Hreeness;, nalivd eg ry teat. Eke 491 367 201 108 
Bursting strength, points. . as UZ), AG aay Tey 


Tear resistance, g.. 58 52 47 38 
Folding endurance, double folds. 9 20 102 394 


Experimental 5% Caustic Steep with 0.5% MD-106 


ECRERS, TM (O85 ciety. a re 3 642 534 311 177 
Bursting strength, points....... LDR RE 4e Ge 2be3 role 
Weariresistance, ¢:.5.99......... 33 38 32 3 
Folding endurance, double folds. f 8 41 121 
Experimental 5% Caustic Steep with 0.25% MD-106 
Breenesssmleee: ove Sne 578 427 283 162 
Bursting strength, points....... 12 Spee LOS 2 Ope role 


Mean resistances Casein... .4e 33 33 30 30 
Folding endurance, double folds. a 27 52 144 
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Experimental 5% Caustic with 1% MD-106 Recycled 
First cycle 


Freeness»ml. 20.9 tr 476 333 199 100 
Bursting strength, points.... . 13 e202 30 Omesom 
Tear resistance, g.. Bigs pie) 41 35 30 
Folding endurance, double 
folds it eee 14 38 101 237 
Second cycle 
Breeness,mlsn. aaa es ee 545 389 249 129 
Bursting strength, points..... 13.8 18.4 24.6 29.7 
Tear resistance, g.. Rene so) 36 35 31 
Folding endurance, double 
fold sea Wisi. ee Rae te 5 17 36 86 
Third cycle ; 
Hreenessy ml scenn woteenae: 505 364 224 121 
Bursting strength, points..... 16:8 «2227 «22/265 2 SEss 
Tear resistance, g.... se woo. 30 30 25 
Folding endurance, double 
LOlGsA 4... Seca eee 18 35 104 176 
Fourth cycle 
Hreeness: WO. war ewqte ter 578 423 277 136 
Bursting strength, points..... 12 569 420): Fee 2620) aes ae 
Tear resistance, g.. im Werte) 32 30 27 
Folding endurance, ‘double : 
(0) 26 I-A tives Meat net clens eee 13 56 115 235 


recovered caustic solution. After proper mixing, titra- 
tion of an aliquot with standardized hydrochloric acid 
permitted calculation of the caustic used up. 

To determine the consumption of SXS, samples be- 
fore and after digestion were analyzed in a Beckman 
DU spectrophotometer at a wavelength of 223 mu. 

This was done by preparing about 10~‘molar solu- 
tions of surfactant from the pulping liquors, by diluting 
1 volume of liquor, both, the fresh and spent, with 500 
volumes, each of distilled water. A control sample de- 
void of any SXS, but in all other respects like the above 
diluted samples, was also prepared. Absorbancies of 
the samples were measured. The absorbancy of the 
control liquor was subtracted from that of the liquors 
containing SXS to obtain the absorbancy due to SXS. 
These values varied somewhat between the various 
fresh and spent liquor samples. But there was no 
trend, some being higher and some lower than the 
initial 1.0% content. They were all in the order of 
magnitude of 1%. Thus, these measurements indicate 
that SXS was not consumed in the treatment of aspen 
wood chips. Any loss of SXS in this pulping process 
would therefore be limited to the amount of original 
liquor not recovered. This could amount up to 25% 
or more, depending upon the pulp manufacturing opera- 
tion. 

The yields of the pulps were determined by keeping 
accurate records of the chips used and the pulps pro- 
duced. All the figures in this report are given on this 
basis. It should be kept in mind that these yields are 
on the wood chips, and not on the original wood. There 
is a loss up to 5% of wood in the chipping operation. 

The refining of 1200-g. samples of chips was done as 
uniformly as possible. The refiner was set to a load of 
3 amp. when empty, but with the required amount of 
water going through the refiner to carry the chips and 
pulp along. The chips were put through the Bauer re- 
finer with coarse plates for the initial defibering and 
then through fine plates for final defibering. Papers 
from the various pulps were made on the British Sheet 
Mold. 

The strength determinations were made according 
to Standards TAPPI. All samples were airdried and 
conditioned at 50% R.H. and 72°F. before testing. 
Tests for bursting strength, tear resistance, and folding 
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Table II. Bursting Strength—Points per Pound—Substance 50 (25 X 40—500) 


Freeness, ml. 
3 


iene on ae ee ey ee 

Unbleached coniferous kraft lead 

Bleached coniferous kraft 0.63 0.88 06 i res : i i Cb 
Unbleached coniferous sulfite 0.31 0.50 0.60 0.65 0.71 0.76 
Bleached coniferous sulfite 0.41 0.58 0.65 0.71 0.77 0.83 
Bleached hardwood soda 0.02 0.21 0.39 0.50 0.52 0.54 
Hardwood neutral sulfite 0.26 0.41 0.50 0.52 0.48 0.35 
Aspen 4% cold caustic 0.21 0.36 0.46 0.50 0.52 0.55 
Aspen 5% cold caustic 0.23 0.33 0.43 0.51 0.56 0.59 
Aspen 6% cold caustic 0.23 0.31 0.43 0.49 0.59 0.67 
Aspen—6% caustic—1% MD-106 0.12 0225 0.37 0.46 0.52 0.58 
Aspen—5 % caustic—1% MD-106 ORS 0.27 0.41 0.49 0.55 0.63 
Aspen—4% caustic—1% MD-106 0.09 0.25 0.39 0.47 0.54 0.61 
Aspen—5 % caustic—0.5% MD-106 0.26 0.35 0.438 0.51 0.60 0.68 
Aspen—5% caustic—0.25% MD-106 0.24 0.34 0.41 0.51 0.61 0.69 
Aspen—5% caustic—17% MD-106 (cycled) 0.18 0.32 0.44 0.54 0.64 0.71 
Aspen—5% caustic—1% MD-106 (cycled) 0.19 0.28 0.37 0.46 0.54 0.63 
Aspen—5% caustic—17% MD-106 (cycled) 0.26 0.34 0.41 0.49 0.57 0.64 
Aspen—5% caustic—1% MD-106 (cycled) 0.22 0.33 0.41 0.51 0.56 0.62 


endurance were made. Basis weights of the samples 
were as near substance 50 (25 X 40—500) as possible 
and were calculated to that exact weight for.interpreta- 
tion of the data obtained. 

The following commercial pulps were beaten in the 
same laboratory beater to give a comparison between the 
pulps made experimentally and pulps currently on the 
market: bleached and unbleached kraft, bleached and 
unbleached sulfite, bleached hardwood soda, and com- 
mercial neutral sulfite. These pulps were taken from 
stock and cannot be traced to the manufacturers. 


RESULTS 


Table I represents strength properties of all the pulps. 
Comparisons were made at various freeness levels. In 
the table, the four columns represent 0, 20, 40, and 60 
min. beating in the laboratory beater. It can be seen, 
that the freeness at 0 beating time in the 4% caustic 
was 632 as compared with 450 for the same caustic 
treatment, but containing SXS. It is to be expected, 
that, if there is very much difference in the refining of 
the treated wood due to the presence of SXS, it would 
be found in the lower caustic treatments. 

It should be recorded here, that the wood chips treated 
with caustic soda alone always lost more weight when 
refining with the fine plates, than did those containing 
caustic and SXS. There is considerable evidence to 
support the view that the SXS-treated fiber was less 
brittle and that there was less fracturing of the fibers 
and fiber bundles in the refining action. Beater curves 


also indicated slower drops in Canadian Standard free- 
ness of the SXS-treated fibers. 

To make direct comparisons of the various pulps, it 
was necessary to draw beater graphs from the data in 
Table I, and to determine from these the strength 
values of definite freeness levels. The bursting 
strength of the various pulps is thus treated in Table IT. 
The strengths are given for freeness values in increments 
of 100. The bursting strengths are listed in points per 
pound of paper, which is the actual bursting strength 
divided by 50. 

It is not difficult to see that kraft pulp is in a class 
by itself on a strength basis. Even though cold soda 
pulp will never compete with kraft, it is very interest- 
ing to make quantitative comparisons. Its relation- 
ship to sulfite pulp is more favorable, and it is better 
than hardwood soda, as well as hardwood neutral 
sulfite. The latter seems to develop strength faster, 
but falls short of the total strength attained by the 
cold soda. 

As for the cold soda pulps themselves, there is some 
indication, that those made with caustic alone develop 
strength somewhat faster than do those treated with 
caustic and SXS. When the treatments with 5% 
caustic soda are considered by themselves, all those in 
which SXS was used developed more strength at the 
end of the beating cycle than those with caustic soda 
alone. The smaller amounts of SXS shows the highest 
strength values, but very little difference is seen between 
the two lower ones. On the average, the pulps treated 


Table III. Tearing Strength—Grams per Pound—Substance 50 (25 X 40—500) 
Freeness, ml. — 

600 500 400 3 200 100 
Unbleached coniferous kraft 1.8 aie 1.4 ibs} 13 1.0 
Bleached coniferous kraft 2.2 De 2.0 ies 16 1.4 
Unbleached coniferous sulfite 1.2 1.2 1.4 1.0 0.9 Ona 
Bleached coniferous sulfite 0.9 0.9 0.9 0.9 0.9 On 
Bleached hardwood soda 0.2 0.3 0.6 0.7 0.7 0.5 
Hardwood neutraul sulfite ONT, RORS 0.8 0.7 0.7 0.7 
Aspen 4% cold caustic 0.8 0.9 0.9 0.8 0.6 0.4 
Aspen 5% cald caustic Ons 0.4 0.6 0.7 0.8 Oni 
Aspen 6% cold caustic 0.9 1.0 ‘eel 1.0 0.9 0.8 
Aspen 6% cold caustic—1% MD-106 1.0 12 2 ibaa ies 1.0 
Aspen 5% cold caustic—1% MD-106 1.0 eit 12 il at 0.9 Ong 
Aspen 4% cold caustic—1% MD-106 0.4 0.6 On 0.7 On 0.5 
Aspen 5% cold caustic—0.5% MD-106 0.6 0.8 0.8 0.7 0.6 0.5 
Aspen 5% cold caustic—0.25% MD-106 0.6 0.8 0.8 Ong 0.6 0.5 
Aspen 5% cold caustic—1% MD-106 (cycled) Oxo 0.7 0.8 0.8 0.7 0.6 
Aspen 5% cold caustic—1% MD-106 (cycled) OR7 0.8 0.8 0.8 WZ 0.6 
Aspen 5% cold caustic—1% MD-106 (cycled) 0.5 ORT 0.8 Oz 0.6 0.5 
Aspen 5% cold eaustic—1% MD-106 (cycled) 0.6 ORG On 0.6 0.7 0.4 
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Table IV. Folding Endurance—Double MIT Folds on 
Substance 50 (25 & 40—500) Paper 


— Freeness, ml. —_ 
600 600 400 800 200 100 


10 28 44 48 50 50 


Aspen 4% caustic 


Aspen 5% caustic 8 13 25 60 140 240 
Aspen 6% caustic (eee AL Oe 226 
Aspen 4% caustic—1% MD-106 .. 4 20 44 72 132 
Aspen 5% caustic—1% MD-106 .. 8 19 50 110 308 
Aspen 6% caustic—1% MD-106 .. 8 138 22 46 100 


with cycled digesting liquors, in which the latter were 
used over and over for four digestions (with SXS and 
caustic soda replenished to obtain the composition of 
the original liquor), showed that this can be done with- 
out any reduction in strength of the product. 

To be on the conservative side, one must conclude 
that the cold soda pulps with and without SXS are very 
nearly alike, according to experimental results. If there 
is any difference, it is in favor of the SX8-treated pulps. 
However, the latter enjoy other advantages. 

Bursting strength is but one of the tests made on 
papers in routine analyses. The same type of calcula- 
tions were made for tear resistance, which are shown 
in Table III. A close inspection of this table again 
shows the superiority of the kraft pulps. Almost all 
other observations in this table clearly indicate the 
high tear resistance, which can be obtained with the 
cold caustic pulps. In this respect the ones treated with 
SXS show a distinct improvement over those digested 
with caustic only. For some reason or other, the pulps 
made in the recycling experiments did not develop quite 
as much tear resistance as those treated with fresh 
liquors. But since the initial run in the recycling series 
was not as high as were the previous ones, it cannot be 
inferred that recycling of the liquors affects tear resist- 
ance adversely. In any event, the cold soda pulps are 
as good and better than the neutral sulfite ones, which 
are their greatest competitor. 

The folding endurance was calculated in a similar 
fashion, and is recorded in Table IV. From these re- 
sults, 1t may be concluded that folding endurance in 
the pulps made with SXS8, develops more slowly than 
in those digested without SXS. However, the SXS- 
treated pulps definitely attain higher folding endurance. 
This is another indication that the fibers in the SXS- 
treated pulps are more flexible. With 4% caustic 
alone, the fiber was very brittle. The caustic treat- 
ments improve the flexibility as the concentration of 
caustic is increased. When SXS is used with the 
caustic, the 6% caustic treated pulps show that the 
digestion has gone too far maintain folding endurance. 


Table V. Pulp Yields and Caustic Consumption 


Caustic 
Yield, consumption, 
0 % 

4% Caustic 87. 43 
5% Caustic 86. 84 
6% Caustic 66. 05 
4% Caustic—1% MD-106 89. 82 
5% Caustic—1% MD-106 95. 54 
6% Caustic—1% MD-106 74. 


5% Caustic—1% MD-106 cycled 87. 
5% Caustic—1% MD-106 cycled 96. 
5% Caustic—1% MD-106 cycled 92. 


PROAMRMOAUNOANE 
COICO OMOMNNIIAI 
~J 
oo 


5% Caustic—1% MD-106 cycled 86. 34 

5% Caustic—0.5% MD-106 86. 20 

5% Caustic—0.25% MD-106 89. 7.84 
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Table VI. Averages of Pulp Yields and Caustic 


Consumption 
Yield, Caustic 
Pulping liquor 0 used 

Caustic soda alone 80.0 7.44 
Caustic plus 1% MD-106 86.2 7.05 
Caustic plus 0.5% MD-106 86.0 8.20 
Caustic plus 0.25% MD-106 89.4 7.84 
Caustic plus 1% MD-106 cycled 90.8 8.25 


This is one indication that digestion is accelerated by 
SXS or penetration of caustic into the wood chips is: 
facilitated, thus enabling the caustic to work more 
effectively. Whatever the mechanism, the advantages 
are obvious. Use of SXS might even permit reduction 
of the digestion time or of the caustic concentration. 

The foregoing data show that cold soda pulps have a 
place in the industry, and use of SXS in the pulping 
liquor shows some merits in this process. The biggest 
advantage, however, for SXS is shown in pulp yields, 
as listed in Table V. 

There is no doubt that the use of SXS gives higher 
yields in the cold caustic process. This should prove 
of interest to anyone making cold soda pulp. When 
averages are taken for the different groups in Table V, 
the values in Table VI are obtained. 

Laboratory data are insufficient to permit prepara- 
tion of a precise production cost analysis for a plant- 
scale operation, using SXS. This is due to the in- 
ability to determine precisely in the laboratory the 
liquor loss during expelling and disk refining. Ob- 
viously, with a group of expellers in series, and counter- 
current at each expeller, recovery of SXS will be higher 
than with only one expeller and one washing. Also, 
as may be inferred from previous citations, power sav- 
ings at the expellers would rise commensurately with 
the number of expellers used on any run. 

However, a fair estimate of the cost of using SXS com- 
mercially can be made by a scheme described herewith. 
Sufficient expeller washes are combined with the drained 
spent liquor from the same batch to make the volume 
equal to that used initially in the digesting process. 

The excess expeller wash water is discarded. Analy- 
sis of this combined, retained liquid is then made for 
SXS content by ultraviolet light spectrophotometry. 
On the basis of SXS recovered, a cost analysis can be 
made as follows: 


Credit: 


Explanatory: yield of o.d. pulp—ovendry pulp expressed in 
lb. per lb. of dry wood. 


(lb. SXS added — lb 
SXS recovered) price of lb. 
(1-fraction H,O in wood) X 

yield of o.d. pulp 
tons of green wood 


= cost of SXS per ton of o.d. pulp 


Debit: 
Present pulp cost (o.d. pulp) — [1/(1 + tons extra yield) x 
present pulp cost] = cost saving from higher pulp yield per 


ton o.d. pulp. 
Gain = debit — credit 


This cost analysis, of course, does not take into con- 
sideration any other values derived from the use of SXS 
in cold soda pulping (including any power savings at 
the expellers). Figure 2 shows the relationship be- 
tween SXS loss and change in pulping costs. Values 
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DECREASE 


PULPING COSTS OVENDRY PULP, dollars/ton 
INCREASE 


LB. SXS LOST PER TON GREEN WOOD 
(cost of Surfactant/Ton Ovendry Pulp 


Price of Surfactant 


Fig. 2. Pulping cost change per ton of dry pulp with 
various SXS processing losses 


were derived from the above equations using a pulp- 
ing cost of $51.66 per ton of oven dried pulp (2). 

Only preliminary experiments were carried out on 
bleaching the pulps in question. These trials indicated, 
that they are not more difficult to bleach than other 
high yield pulps. 


CONCLUSIONS 


In examining the work and results, one might criti- 
cize some of the data, because all of the runs were not 
made in triplicate. However, having performed the 
determinations in series overcame some of these short- 
comings. Rather definite conclusions may be sum- 


marized from all of the foregoing data. These are: 

1. The use of SXS with caustic soda gives a softer 
fiber and requires less power at the expellers than do 
chips treated with caustic alone. 

2. Bursting strength and folding endurance develop 
as beating is prolonged, and do not diminish as the 
freeness drops to 100. 

3. Pulps made with SXS and caustic are slightly 
stronger than those made with caustic alone. 

4. Pulps made with SXS and caustic can compete 
with neutral sulfite pulps on a quality basis. 

5. The use of SXS with caustic improves the yield 
noticeably. 

6. Pulps made with SXS and caustic are bleach- 
able. 

7. Caustic liquor with SXS can be recycled, and 
SXS is not consumed in the digestion process. 

8. SXS pulps defiber faster and more easily. 

9. Somewhat improved strength characteristics, 
combined with an increased yield would tend to indi- 
cate better fiber separation, with less damage to and 
attrition of fibers, when SXS is used in the caustic 
liquor. 
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Oxidation of Kraft Black Liquor with Pure Oxygen 


R. E. FONES and J. E. SAPP 


Oxidation of southern kraft black liquor with air has met 
with little success commercially mainly because of the 
marked foaming tendency of southern kraft black liquor. 
In this study, oxidation of black liquor in a pressure vessel 
with pure oxygen was investigated as a possible means of 
circumventing some of the problems attending the oxida- 
tion of southern kraft black liquor. The rate of oxidation 
of black liquor at elevated temperature and pressure was 
found to be quite rapid. The changes in concentration of 
sodium sulfide, sodium sulfate, sodium thiosulfate, and 
sodium sulfite were determined as oxidation of the black 
liquor proceeded. The addition of oxygen at the end of 
a normal kraft cook successfully reduced the sodium 
sulfide content of the liquor but oxygen consumption. 
was high and a significant reduction in pulp strength and 
brightness was apparent. The cost of oxidation with pure 
oxygen was found to be prohibitive in the case studied. 
However, further decrease in the price of oxygen would 
make the process economically feasible and worthy of 
further consideration as a means of oxidizing southern 
kraft black liquor. 


Tere are several advantages resulting from the 
oxidation of black liquor from a kraft cooking process. 


R. E. Fons, Technical Assistant in the Sulfate Mill, J. E. Sapp, Assistant 
General Superintendent, Gaylord Container Corp., Div., of Crown Zeller- 
bach Corp., Bogalusa, La. 
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Many authors have cited its usefulness in reducing 
kraft mill odors. In addition to reducing kraft mill 
odors, black liquor oxidation reduces corrosion in 
the evaporators (1) and minimizes the loss of sulfur 
compounds in the recovery process (2). 

There are two general schemes for oxidizing kraft 
black liquor. In one system (3) air is bubbled through 
black liquor to form a foam which is broken in a foam 
breaker. In the other system air is passed up a packed 
column countercurrent to the flow of black liquor. In 
the latter system (4) the packing is designed to prevent 
foaming of the black liquor. As far as the authors 
are aware, attempts to use either system on southern 
kraft liquor on a commercial scale have been unsuccess- 
ful because of the marked foaming tendency of southern 
kraft black liquor. 

Since the cost of tonnage oxygen has decreased 
over the past decade to a point where it is relatively 
cheap, a precursory investigation using pure (99.5%) 
oxygen for oxidizing black liquor seemed worth while. 
By using pure oxygen the foaming problem would 
be eliminated since the oxygen would be consumed in 
oxidation of the black liquor and there would be no 
inert nitrogen present to support a stable foam. The 
cost of oxygen in an oxidation system using pure oxygen 
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Table I. Pulp Cooking Conditions 


Pulp cook no. 
2 


Wt. of dry pulp chg., kg. 1.5 15, eee 

Water in digester chg., |. 49.1 49.1 49.1 

Sodium carbonate in digester chr., 100 100 100 
g. 

Length of cook, min. 210 94 160 

pH at blow 8.5 8.8 10.15 

Vol. of oxygen injected, cu. ft. at 14 13 0 
70°F., 1 atm. 

Minimum cooking pressure, p.s.i.g. 100 100 106 

Maximum cooking pressure after 125 125 106 
oxygen addition, p.s.i.g. 

Time to pressure, min. 30 35 35 


would have to be offset by savings resulting from de- 
creased additions of sulfur. 

Oxidation with pure oxygen could probably be carried 
out in packed towers or foam producing systems with 
good results. However, addition of oxygen to the diges- 
ter at the end of a normal kraft cook seemed to offer 
several advantages as follows: (1) oxidation of liquor in 
the digester would minimize sulfur losses during the 
blow; (2) the high temperature in the digester would 
greatly increase the rate of reaction; (3) there may be 
an improvement in pulp color; and (4) there would be 
no large expenditure for oxidation equipment. 


Table II. Results of Tests on Pulps 
Original Cook Cook Cook 
pulp no. 1 no. 2 no. 3 
TAPPI permanganate no. 32.0 5.0 10.0 27.9 
Lignin, % 6.99 0.40 1.88 4.73 
Brightness, photovolt, % 20.0 46.0 29.0 20.5 


Several possible disadvantages of oxidation were 
recognized as follows: (1) the consumption of oxygen 
might be high due to the high sulfide concentration 
in the digester; (2) the digester corrosion rate would 
probably increase; and (3) pulp strength might be ad- 
versely affected. 

The objective of the experimental work was to test 
the feasibility of oxidizing black liquor with pure oxygen 
either after separation from the pulp or just prior to 
blowing at the end of a normal kraft cook. 


EXPERIMENTAL 


The experimental program was divided into three 
phases: (1) oxidation of pulp alone, (2) oxidation of 
black liquor alone, and (3) oxidation of pulp and black 
liquor at the end of a normal kraft cook. All cooks 
were carried out in the laboratory experimental digester. 
Each phase of the experiment is described under 
separate headings below. 

Provision for injecting oxygen into the digester 
was made by connecting an oxygen cylinder to the liquor 
recirculation line from the digester. The piping to 


the oxygen cylinder included a needle valve, a check 
valve, and a trap. 


Oxidation of Pulp Alone 

In order to determine the pulp strength loss which 
might be expected upon oxidation at the end of a normal 
kraft cook preliminary cooks in which pulp alone was 
oxidized were made. Two samples of normal kraft pulp 
buffered in a sodium carbonate solution were cooked in 
an oxygen atmosphere. A third sample of normal kraft 
pulp buffered in a sodium carbonate solution was cooked 
without the addition of oxygen. The cooking condi- 
tions are given in Table I. 

The three cooked pulps and the original pulp were 
tested for lignin content, TAPPI permanganate num- 
ber, and brightness. The results of these tests are given 
in Table JI. 

The unoxidized pulp (cook no. 3) showed relatively 
little change in brightness, lignin content, and perman- 
ganate number. 

The oxidized pulps showed a marked decrease in 
TAPPI permanganate number and lignin content and a 
marked increase in brightness compared to the original 
pulp. 

From these data it would appear that an increase in 
pulp brightness and decrease in lignin content might 
be expected upon oxidation of black liquor at the end 
of a normal kraft cook. Other experiments described 
later in this paper proved that the pulp darkens and 
the lignin content increases when black liquor is Oxi- 
dized in the presence of pulp. 

The original pulp and the three cooked pulps were 
beaten and handsheets were made and tested for physi- 
cal strength. The results are presented in Table III. 

All three cooked pulps were easier to beat than the 
original pulp. The oxidized pulps were very easily 
beaten. Pulp from the cook where no oxygen was added 
(cook no. 3) had slightly better strength properties than 
the original pulp when compared at equal freeness. The 
drastically oxidized pulp (cook no. 1) had very poor 
strength compared to the original pulp. The pulp 
which was not as drastically oxidized (cook no. 2) had 
much better strength properties than the drastically oxi- 
dized pulp but was still definitely lower in strength 
than the original pulp. The strength increase from 
cook no. 1 to cook no. 2 was quite marked indicating 
that oxidation for short periods of time would produce 
only a slight decrease in pulp strength. 


Oxidation of Black Liquor Alone 


A sample of black liquor was obtained from the kraft 
mill blow lines in such a manner as to minimize ex- 
posure to atmospheric oxygen. The sampling point 
and sampling procedure were chosen to obtain a sample 
of black liquor representative of that in contact with 
the pulp at the end of a normal kraft cook. 


Table III. Physical Strength of Handsheets 
Beat- 4 . 
ing riginal pulp Cook no. 1 Cook no. 2 Cook no. 3 — 
tine, “Rrgenosg Bure Tage “Rrgenass Burak Tage Ergane Bush gar gate grat Ma 
0 736 58.5 498 7Al 60 406 714 74. 444 729 65 57 
5 730 89 434 Wo 90 267 683 106 342 ayant ae ; i 
10 724 101 386 644. 104 236 636 120 311 703 108 398 
20 700 126 345 482 119 198 431 136 259 649 132 342 
35 580 133 302 106 130 166 131 151 22), 487 145 310 
50 344 143 264 ee Be Wiss Ban aoe anf 250 153 301 
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SODIUM SULFATE, g.p.1. 
SODIUM SULPHIDE AND SODIUM THIOSULPHATE, GRAMS PER LITER 


Or 20" 40 60 80 100 120 140 160 180 200 220 
COOKING TIME, min. 


Fig. 1. Change in concentration of sodium sulfide, sodium 
thiosulfate, and sodium sulfate upon oxidation 


Twelve gallons of black liquor were placed in the 
digester. The pressure was raised as rapidly as pos- 
sible, using indirect heating. The noncondensable 
gases were removed by gas-off while the digester was 
being brought up to pressure. 

After the digester reached 100 p.s.i.g., the tempera- 
ture was held constant and oxygen was injected in 
sufficient quantity to raise the digester pressure to 
120 p.s.ig. To inject the oxygen into the digester it 
was necessary to shut off the liquor recirculating pump 
as well as the valve in the recirculating line ahead of 
the pump. Earlier attempts at injecting oxygen with 
the recirculating pump on were unsuccessful because the 
pump became air-bound and liquor circulation ceased. 
The pressure regulator on the oxygen cylinder was set 
at about 300 p.s.i.g. and oxygen was admitted to the 
digester gradually by controlling the flow with a needle 
valve. Oxygen thus admitted entered the bottom of 
the digester and bubbled up through the digester con- 
tents, in this case black liquor. After the oxygen had 
been injected to raise the digester pressure to 120 p.S.. 


Table IV. Analysis of Oxidized Black Liquor 


Time Total oxygen Sodium 

after added, cu. ft. Sodium Sodiwm thio- 

steam, at TOOP sulfide, sulfate, sulfate, 

min. 1 atm. g./l. g./l. g./l. pH 

0 0 12.1 8.2 6.1 11.78 

27 0 11.4 9.0 6.3 11.70 
38 aw) © 9.6 6.0 11.61 
45 ed) 8.3 10.0 (056 11.55 
55 12.0 Hee 10.9 TORY 11.46 
62 12.0 4.3 10.0 10.6 11.41 
78 21.0 2.0 105 11.3 11.15 
95 29 .0 eS 11.9 10.7 10.61 
114 42.0 13 16.7 Wate 9.91 
150 63.0 ial 23.9 on 9.16 
191 68 .0 0.8 3DeD 1.5 8.72 

217 74.0 0.5 39.5 0-5 8.56 
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Fig. 2. Oxygen addition and pH as a function of cooking 
time 


the recirculating valve was opened and the liquor re- 
circulating pump was started. 

The digester pressure was allowed to fall to 100 
p.s.i. after the oxygen injection before more oxygen 
was injected. In all, oxygen was injected 15 times 
in the 3 hr. and 40 min. cook. The rate and schedule of 
oxygen addition are given in Table IV and Fig. 2. 

One-quart samples of black liquor were taken at 
the times indicated in Table IV. These samples were 
analyzed for sodium sulfide, sodium sulfate, sodium 
sulfite, sodium thiosulfate, and pH. TAPPI Method 
T 625 m-48 was used in analyzing for all black liquor 
components except sodium sulfide. In the latter 
case, a modification of the TAPPI Method suggested 
by Collins (6) was used. In this modification 40 ml. 
of 12.5% NH,Cl was added instead of adjusting the pH 
to 4.0 with normal acid. 

The results of the tests are given in Table IV and 
Figs. 1 and 2. Since the test for sodium sulfite was 
negative in every case, these results are not included 
in Table IV. 

From the data it can be seen that the sodium sulfide 
reacts rapidly with the oxygen initially injected into 
the digester to form mainly sodium thiosulfate. The 
sodium thiosulfate concentration builds rapidly to a 
maximum after which the sodium thiosulfate is further 
oxidized to form sodium sulfate. The odor of the sam- 
ples withdrawn for testing became less characteristic of 
a kraft cook as the oxidation proceeded. 

The cost of reducing the sodium sulfide content 
of black liquor from 12.1 to 2.0 g.p.l. with pure oxygen 
was calculated from the data in Figs. 1 and 2. Since 
the cost of oxygen depends on the demand, the amount 
of black liquor oxidized was assumed to be that 
equivalent to 1000 tons per day of pulp production. 
The cost of the oxygen required to carry out the oxida- 
tion would be approximately $579 per day in this case. 
Assuming that sulfur additions are made at the rate of 
about 22 Ib. per ton of pulp to maintain the sulfidity 
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Table V. Cooking Conditions for Pine Chip Cooks 


Cook no. 102 103 
Total wt. of chip chg., o.d.,% g. 4000 4000 
White liquor added, I. 7.56 7.56 
Liquor/wood ratio 4.0:1 4.0:1 
Active alkali in white liquor, g./l. 99.0 99.0 
as Na2,O 
Active alkali chg., % 18.7 18.7 
Gas-off schedule—up to pressure, 420 420, 
ml. 
Gas-off schedule—at pressure, ml. 140 140 
Time up to pressure, min. 70 70 
Total cooking time, min. 140 140 
Oxygen added 15 min. before blow No Yes 
Total oxygen added, cu. ft. at 70° 0 21 
F., 1 atm. 
ao.d. = ovendry. 


before oxidation and that no sulfur additions are 
necessary after oxidation, the saving in sulfur cost was 
calculated to be about $300 per day. 

The above cost of oxidation was based on oxidation 
of black liquor with a high sodium sulfide content. In 
commercial practice it is normal to oxidize the weak 
black liquor from the washing operation. Exposure of 


Table VI. Results of Tests on Pulps 

Cook Cook 
no. 102 no. 103 

TAPPI permanganate no. 2752 32.8 
Lignin, % 437 5.21 

Brightness, photovolt, % 26.0 18.0 

Screened yield, % 44.7 45.1 
Rejects, % 0.90 0.93 


the black liquor to air, especially on the washers, 
markedly decreases the sodium sulfide content of 
the liquor (2, 6). No studies have been made by the 
authors to determine the concentration of sodium sul- 
fide in the weak liquor; however, the literature in- 
dicates that liquor with an original sodium sulfide 
content of about 12 g.p.l. would contain no more 
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than about 7 g.p.l. after passing through the washers. 

The cost of oxidation using pure oxygen was cal- 
culated for reducing the sodium sulfide content from 
7.0 to 2.0 g.p.l. using the data on oxygen consumption 
from Figs. 1 and 2. The cost in this case was $536 
per day for 1000 tons of production. 

The cost calculations presented above indicate 
that oxidation of black liquor with pure oxygen is too 
expensive for most present-day applications. There 
may be some mills in which justification can be partially 
based on odor control and/or alleviation of stream 
pollution. Since the price of oxygen decreases with 
increasing demand, justification would be easier in 
large tonnage mills. At some future date, however, 
further advances in the technology of making oxygen 
may reduce its price to a point where consideration 
on a broader scale would be warranted. 


COOK 102 


m. X 1073 


BREAKING LENGTH, 
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Comparison of breaking length on normal kraft 
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Fig. 6. Comparison of tear on normal kraft and oxidized 
kraft pulps 


Oxidation of Pulp and Black Liquor at the 
End of a Normal Kraft Cook 


Two normal kraft cooks were made in the experi- 
mental digester under the same conditions with the 
exception that oxygen was injected before the end 
of one cook. Cook no. 102 was the normal kraft 
cook made as a control while cook no. 103 had oxygen 
added 15 min. before the end of the cook. The cooking 
conditions are given in Table V and the results of 
some of the tests on the pulp are given in Table VI. 


Table VII 


Cook Cook 
no. 102 no. 103 
Normal Oxidized 
White kraft black kraft black 


liquor liquor liquor 
Sodium sulfide, g./l. 45.4 11.4 il 4 
Sodium thiosulfate, g./l. 8.6 2D Qe2 
Sodium sulfate, g. /l. 14.8 7.4 22.4 
Sodium sulfite, g./l. 2.9 0) 0 


From the data in these tables it can be seen that 
the cook in which oxygen was used produced a pulp 
with a higher lignin content and permanganate number 
and a lower brightness. These findings are contrary 
to the results of the experiments in which pulp alone 
was oxidized. This is probably due to the fact that 
the sodium sulfide in the liquor is converted to sodium 
thiosulfate and sodium sulfate thereby lowering the 
content of active cooking chemical. Although the 
pH of the liquor at the end of cook no. 103 was not 
checked, it was probably reduced as indicated from 
the data on oxidation of black liquor alone. This 
reduction in pH would slow the pulping reaction and 
account for the harder pulp obtained in the cook where 
oxygen was added. 

Beating curves were obtained for each of the cooked 
pulps. Although the pulp from the cook in which 
oxygen was added was a “harder” pulp, Fig. 3 shows 
that this pulp was easier beating than the normal 
kraft pulp. 

Handsheets were made from the beaten pulp and 
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their strength properties were evaluated. The results 
are presented in Figs. 4 through 6. These data show 
that the two pulps are about equal in breaking length 
and tear when compared at equal freeness. The burst 
on the oxidized pulp was lower than that on the un- 
oxidized pulp. 

Samples of the white liquor, normal kraft black 
liquor, and oxidized black liquor were analyzed for 
sodium sulfide, sodium thiosulfate, sodium sulfate, 
a sodium sulfite. The results are presented in Table 

LAs 

It is apparent from these data that the conditions 
imposed in cook no. 103 resulted in almost complete 
oxidation of the black liquor. The high oxygen con- 
sumption reported in Table V is probably due to the 
fact that both the pulp and the liquor consumed oxygen 
with the liquor being oxidized almost completely. The 
rate of reaction found at the end of a normal kraft cook 
was faster than the rate of reaction found in the oxida- 
tion of black liquor alone, probably because the pulp 
present greatly improves the efficiency of contacting 
between the gas and liquid phases in a manner similar 
to packing in a packed column. 

The cost of oxygen required to oxidize the liquor 
from 1000 tons of pulp per day from 11.4 to 1.4 g.p.l. 
was calculated. The high oxygen consumption resulted 
in the high cost of $1100 per day. 

From the results of the experiment in which black 
liquor was oxidized at the end of a normal kraft cook 
it must be concluded that oxidation in the digester is 
impractical. The high cost of oxygen alone would make 
the process unjustifiable. In addition, pulp strength 
and brightness were adversely affected. 


CONCLUSIONS 


Oxidation of black liquor at the end of a normal kraft 
cook is too costly at present oxygen prices. In addition, 
the pulp strength and color are adversely affected by 
oxidation in the presence of black liquor. 

The cost of oxidation of black liquor taken from the 
digester was found to be high partly because of the high 
sodium sulfide content in the digester. Oxidation of 
weak black liquor with a lower sodium sulfide content 
would reduce the cost of oxidation to some extent. 

Economic justification for using pure oxygen would 
be simpler for the larger mills since the cost of oxygen 
decreases with increasing demand. Southern mills faced 
with problems of odor abatement, high evaporator cor- 
rosion rate or high lime costs, would have added justi- 
fication for oxidation of black liquor with pure oxygen. 
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Effect of Volatile and Moisture Content on Electrical 
Properties of Phenolic Resin Paper Laminates 


MYER EZRIN and STUART H. RIDER 


Small amounts of moisture absorbed by resin-treated 
paper before laminating is the primary factor determining 
the 60-cycle dielectric properties of the resulting laminate. 
The effect of absorbed moisture is far greater than that of 
a comparable amount of water released as water of con- 
densation on curing the resin. Measurements have been 
made of the 60-cycle dielectric properties of resin-impreg- 
nated paper and of unimpregnated paper as a function of 
absorbed moisture content in the uncured, oven-cured, 
and press-cured states. These data indicate that the large 
increase in dissipation factor resulting from moisture ab- 
sorption is due to association between the absorbed water 
and cellulose during press-curing. On the other hand, 
water of condensation released on curing is associated 
with resin primarily, thus moderating its effect on elec- 
trical properties. 

Pretreatment of paper with a small amount of a low 
molecular weight melamine—or phenol—formaldehyde 
resin prior to impregnation with resin substantially pre- 
yents moisture absorption by the paper resulting in im- 
proved electrical properties. Electrical properties other 
than those at 60 cycles, particularly after water immer- 
sion, are also improved as a result of the pretreatment of 
the paper. When melamine resin is used, the fire resist- 
ance is also improved appreciably. 


A CONSIDERABLE amount of work has been re- 
ported by several investigators during the last two 
decades dealing with various aspects of the effect of 
water on the properties of phenolic laminates. Hart- 
shorn, Rushton, and Megson (1) studied the effect of 
water absorbed by paper laminates on dielectric proper- 

_ties. Croup (2) reported on the effect of moisture ab- 
sorbed by impregnated paper on the physical properties 
of paper base laminates. Cox and Pepper (3) made a 
similar study which dealt with the effect of volatile 
substances on mechanical properties. Dakin and 
Auxier (4) measured the effect of absorbed moisture on 
the dielectric properties of paper and fabric and of 
paper and fabric impregnated with phenolic resin. 

In the present study, the effect of volatile matter on 
electrical properties of phenolic paper laminates has 
been studied in two ways. First, the volatile content as 
a function of time in the drying oven was used. In the 
second case, the volatile content was varied by allowing 
dried, impregnated paper to absorb atmospheric mois- 
ture prior to laminating. The latter effect was studied 
using paper which had no special treatment prior to 
impregnation with phenolic varnish. Dielectric proper- 
ties at 60 cycles were measured to determine these effects 
because of the greater sensitivity to the presence of 
water at the low frequency (1). The study was made 
using cresol-formaldehyde varnish and an aniline modi- 
fied cresol-formaldehyde varnish. 


Myer Ezrin and Sruarr H. River, Research Department, Monsanto 
Chemical Co., Plastics Division, Springfield, Mass. 
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EFFECT OF DRYING TIME 


The volatile content as a function of drying time was 
varied by first drying resin impregnated, 0.007-in. rag 
paper containing 50% resin, for a short time at 12073 
The paper was then further dried for varying lengths of 
time at 120°C. to obtain the desired range of volatile 
content. The laminates were pressed immediately 
after removal of the paper from the drying oven in order 
to eliminate atmospheric moisture as a variable. A 
press cycle of 20 min. at 150°C. and 1000 p.s.i. was used ; 
the laminates were approximately ‘/15 in. thick. Vola- 
tile content determinations were made at the time of 
pressing using the per cent loss in weight after 10 min. 
at_ 160°C. ‘The dissipation factor and dielectric con- 
stant at 60 cycles were determined for each laminate 
after being exposed to a conditioning period of 6 days at 
23°C. and 50% R.H. The properties were determined 
again after the laminates had been immersed in water 
at 23°C. for 24 hr. (D/24/23). The measurements 
were made according to ASTM Method D 150-47 T 
using a Schering Bridge. 

The reproducibility of the data was demonstrated 
by repeating the experiments for both resins. Values 
at the same volatile content could be reproduced within 
0.001 dissipation factor, and the curve determined by 
one set of data was able to predict reasonably well the 
values to be obtained from the other set. 

The results are shown graphically in Fig. 1 for the 
cresol varnish and in Fig. 2 for the aniline modified 
cresol varnish. The dissipation factor before water 
immersion is increased only slightly as the volatile con- 
tent increases. This result would not necessarily have 
been predicted considering the great sensitivity of 60 
cycle dielectric properties to the presence of water. 

The rate of increase of dissipation factor is greater 
for the cresol resin than for the aniline modified, cresol 
varnish. In both cases, the slope of the dissipation fac- 
tor curve after water immersion is very nearly the same 
as the slope before water immersion. This is an indi- 
cation that the per cent water absorption, which, in 
effect, determines the increase in dissipation factor due 
to the water, is independent of volatile content. 


MEASUREMENTS AT ZERO VOLATILE CONTENT 


Sixty cycle dielectric properties of a cresol-resin- 
paper combination were measured at zero volatile con- 
tent in order to confirm the values obtained by extrap- 
olation to zero volatile content, and also, to determine 
the best possible values obtainable with such a combina- 
tion. In this experiment, 0.010 in. alpha-cellulose was 
impregnated with cresol resin to a resin content of ap- 
proximately 50%, and dried for a short time at 120°C. 
as in the experiment described above, and then dried 
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Fig. 1. Dissipation factor at 60~ vs. volatile content of 
cresol resin laminate 


further for varying lengths of time so as to give a series 
approaching zero volatile content. In addition, some 
impregnated sheets were cured in an air-circulating 
oven at 150°C. for 20 min. (same as the press cycle, 
but no pressure). The volatile matter, which is trapped 
in a laminate cured under pressure, was thus allowed 
to escape, giving cured sheets with essentially zero 
volatile content. 

The electrical properties at zero volatile content were 
obtained by assembling the same number of sheets as 
in a laminate, and painting electrodes with silver paint 
in the usual manner on the top and bottom sheets. A 
large weighted metal electrode (4 in. diameter) was used 
in the Schering bridge electrode system to effect close 
contact between the sheets of the zero volatile layup 
during testing. The data are plotted in Fig. 3. A 
dissipation factor of 0.003 at 60 cycles was obtained at 
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Fig. 2. Dissipation factor at 60~ vs. volatile content of 
aniline modified cresol resin laminate 
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Fig. 3. 60~ dissipation factor of cresol resin laminates 
measured at and extrapolated to zero volatile content 


zero volatile content, in excellent agreement with the 
value obtained by extrapolation. 

Reasonable values of dielectric constant could not be 
obtained with the above arrangement, presumably be- 
cause of the presence of air. A value of 1.88 was ob- 
tained, compared to an extrapolated value of between 
3.5 and 4.0. 


NATURE OF THE VOLATILE MATTER 


The volatile content is reported by Cox and Pepper 
(3) to consist of approximately 50% water. This has 
been confirmed in the present study by curing impreg- 
nated paper in boiling xylene (141°C.) and collecting 
the water given off in a Dean-Stark azeotropic distilla- 
tion receiver (6). The other 50% must be solvent 
(alcohol) and low molecular weight resin. The amount 
of water originally present in the treated paper, as it is 
removed from the drying oven, before final curing, was 
determined by the Karl Fischer method (6). The dif- 
ference between the two test results gave the water of 
condensation released in the curing process. The Karl 
Fischer result is a composite of residual solvent water, 
residual water associated with the cellulose, water of 
condensation released during curing in the drying oven 
but not completely driven off, and moisture absorbed 
from the atmosphere following removal from the oven. 

The data are presented in Table I. The water of con- 
densation is determined as the difference between the 
Dean-Stark water content and the Fischer water con- 
tent. The water of condensation accounts for ap- 
proximately 62% of the water present in the volatile 
matter. The several other possible sources of water 
referred to above account for the difference of approxi- 
mately 38%, but it is not possible, from the data, to 
determine the amount of water contributed by each of 
the sources. 


ABSORBED MOISTURE 


Effect of Moisture Absorbed Prior to Pressing 


The effect of atmospheric moisture absorbed by im- 
pregnated paper prior to pressing into a laminate was 
evaluated in the following manner. Rag paper, 0.007 
in., was impregnated to a resin content of 52 to 53% and 
dried in the usual manner to a volatile content suitable 
for laminating. A portion of the treated paper was 
pressed immediately using the same press cycle de- 
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Table I. Volatile and Water Content of Paper and Cresol 
Resin Impregnated Paper 


Paper Resin-paper? 


Volatile content, 10 min. at 160°C.,% 3.80 4.79 
Volatile content, 20 min. at 160°C., % 4.38 5.06 


Karl Fischer water content, % 5.44 0.90, 0.95 
Dean-Stark water content, % 5.10 2.44, 2.43 
Water of condensation, % a 1.54, 1.48 


@ Hurlbut 521 alpha-cellulose, 0.010 in. thick. 
b Resin content 48.9%, dried 9 min. at 122°C. 


scribed previously, and the volatile content was deter- 
mined simultaneously. The remainder of the paper was 
allowed to absorb atmospheric moisture by suspending 
it in a room, the atmosphere of which was maintained 
constant at a temperature of 23°C. and 50% R.H. 
Portions of the paper were removed at various times. 
The laminates were prepared immediately on removal 
from the controlled atmosphere, and the volatile con- 
tent determined simultaneously. The laminates were 
tested for 60 cycle dielectric properties using the same 
conditions as described previously, i.e., after 6 days at 
23°C. and 50% R.H., then after immersion in water 24 
hr. at 23°C. 

The data are presented in Table II for both of the 
resins studied. Two effects are outstanding. The first 
is the very great increase in dissipation factor resulting 
from the absorption of relatively small quantities of 
moisture. The second is the increasing dissipation fac- 
tor drift (increase in dissipation factor after water im- 
mersion of the laminate) with increasing moisture 
pickup by the treated paper. 

In Fig. 4 are plotted the data presented in Table II 
for the cresol varnish, combined with data which were 
obtained for the same resin in the experiment in which 
the effect of volatile content as a function of drying time 
alone was studied. The curves make strikingly clear 
the magnitude of the effect of moisture absorbed from 
the atmosphere on the 60-cycle dissipation factor. The 
difference is still very great if correction is made in the 
comparison for the fact that only approximately 50% of 
the volatile content (in the absence of atmospheric 
moisture) represents water of condensation and water 
not removed in the drying oven. The increase in dis- 
sipation factor drift with increasing absorption of 
moisture can also be seen in Fig. 4. 

It seems clear, then, that free water absorbed from 
the atmosphere prior to laminating has a profoundly 
greater effect on electrical properties than does an ap- 


Table II. Effect of Moisture Absorption by impregnated 
Paper before Pressing on Dissipation Factor of Laminates 


Time at Volatile 

50% content Dissipation 

R.H. before 10 min. at 60-Cycle dissipation factor factor 

press., hr. LEOLC ASG Condition 14 Condition 24 drift 

Aniline Modified Cresol Resin Laminates 

0 5.46 0.042 0.078 0.0386 

1 6.02 0.093 0.163 0.070 

17 6.71 0.332 0.469 0.137 

243/, 7.16 0.335 0.477 0.142 

Cresol Resin Laminates 

4.03 0.037 0.099 0.062 

3/4 4.45 0.069 0.136 0.067 

13/4 4.57 0.089 0.167 0.078 

181/4 Lyptayt 0.266 0.436 0.170 
a Condition 1 = Laminate conditioned 6 days-at 23°C. and 50% R.H. 
Condition 2 = Laminate immersed in water 24 hr. at 23°C. following 


condition 1: es 2. 
b Increase in dissipation factor after water immersion. 
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Fig. 4. Comparison of effect of drying time and of mois- 
ture absorbed by impregnated paper on 60~ dissipation 
factor of cresol resin laminates 


proximately comparable amount of water which is 
normally present in the volatile matter, most of which 
is liberated in the laminate due to the thermosetting re- 
action. Undoubtedly the paper is largely responsible 
for the moisture which is absorbed from the atmosphere 
since it is far more hydrophilic than the resin. While it 
is true that the presence of the resin retards the moisture 
pickup, the impregnation of the paper by the resin is 
never sufficient to eliminate the effect completely. 

Because of the much more hydrophilic nature of the 
cellulose compared to the resin, the water molecules, for 
the most part, became associated with the former by 
means of weak physical forces, such as that exerted by 
hydrogen bonding. The bonding of these water mole- 
cules to the cellulose molecules of the paper is probably 
strong enough so that the water molecules are not dis- 
rupted by the pressing operation. Thus they are left 
in the laminate as essentially free water associated with 
cellulose by weak forces, without being intimately sur- 
rounded by the phenolic resin molecules. On the other 
hand, the water of condensation which is released 
during the pressing operation is completely surrounded 
by a network structure of the resin molecules. 

The same is also essentially true of the other water 
originally present. Even though the water may have 
been associated originally with the cellulose (paper 
alone had a water content of 5.44%), it is brought into 
intimate association with the resin via the alcohol sol- 
vent, and is “trapped” as the resin becomes highly 
cross-linked during the pressing operation. Conse- 
quently the mobility of the water molecules is restricted, 
with the result that the effect on electrical properties 
is moderated. A comparable restriction on molecular 
motion does not exist in the case of the water absorbed 
from the atmosphere. 


Effect of Absorbed Moisture on Dissipation Factor of 
Impregnated Paper Before and After Pressing 


The following experiments were performed in order to 
obtain experimental evidence for the cellulose-water 
association theory postulated above. 

The dissipation factor of a layup of uncured alpha- 
cellulose sheets impregnated with cresol resin, which had 


Vol. 43, No. 4 April 1960 Tappi 


been allowed to absorb moisture, was determined in the 
‘same manner as that described already for cured sheets. 
The data are given in Table III for various amounts of 
moisture absorbed. 

After humidity conditioning for 24 hr. the layup of 
impregnated sheets minus the silver-painted electrode 
sheets, were laminated in the press 20 min. at 150°C. 
and 1000 p.s.i. The resultant laminate was found to 
have a dissipation factor of 0.514. 


Table III. Effect of Absorbed Moisture on Dissipation 
Factor of Unimpregnated Paper and Cresol Resin 
Impregnated Paper 


60-Cycle 
; : dissipation factor 
Time Volatile fter 
at 60% content Karl Fischer pressing 
R.H. before 10 min. at water Before at 150°C. 
press., hr. 160°@.5. % content, % pressing 1000 p.s.i. 
Paper 
0) 3 ite 4.49 0.087 , 
Py 5.04 6.08 0F327 
5 4.67 6.06 0.357 ioe 
24 4.95 6.65 0.363 0.011 
Uncured Resin-Paper 
0 4.39 0.52 0.011 
2 4.67 1.07 0.023 
53 4.94 1 55) 0.035 sate 
24 5.95 2.50 0.061 0.514 
Oven-Cured Resin-Paper 
0 0.00 0.003 
ye ie 0.008 
5 eso 0.011 Shes 
24 Pe Paul 0.028 0.006 


Untreated paper (Hurlbut 521 alpha-cellulose) in a 
similar experiment gave the results also shown in Table 
III. After pressing for 10 min. at 150°C. and 1000 p.s.i. 
following 24 hr. at 50% R.H., a dissipation factor of 
0.011 was obtained. 

Cresol resin-treated alpha cellulose which had been 
cured at atmospheric pressure (oven) 20 min. at 150°C. 
gave the results also shown in Table HI when exposed 
to 50% R.H. and subsequently tested. The dissipa- 
tion factor obtained after pressing the sheets which had 
been exposed for 24 hr. was 0.006. 

The results of these experiments indicate that the in- 
fluence of absorbed moisture on dissipation factor of 
resin-treated paper laminate is due to association with 
cellulose and that the effect is not really felt until the 
press curing operation. Up to that time, the uncured 
resin exerts a slight barrier effect on the moisture, pre- 
venting it from coming into intimate contact with the 
cellulose. Under the influence of pressure and heat, 
however, the water molecules become associated with 
cellulose very rapidly before sufficient cross-linking 
of the resin occurs to trap the absorbed moisture 
within the network structure of the resin. At the same 
time, the associated water molecules cannot escape, as 
occurred when the layup of sheets of untreated paper 
was “cured” under pressure, because of the restraining 
influence of the rapidly curing resin. 

Further evidence for the cellulose-water association 
theory is found in the results of the series using oven- 
cured impregnated paper. The absorption of approxi- 
mately 2% moisture caused an increase in dissipation 
factor of only 0.025, while the same amount of moisture 
absorbed by uncured sheets gave a dissipation factor 
increase of 0.503 on press curing. 
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Effect of Absorbed Moisture on Dissipation Factor Drift 


The increase in dissipation factor drift resulting from 
absorption of moisture by impregnated paper is undoubt- 
edly associated with an increase in water absorption. 
This was observed by Croup (2) and by Cox and Pepper 
(3) in their studies of the effect of moisture on the 
physical properties of paper base laminates. Two 
possible causes for increased water absorption suggest 
themselves. 

The first is hydrolytic degradation of the cellulose 
under the combined influence of the water and the high 
temperature used in the pressing operation. The 
degradation products of the cellulose may be more hy- 
drophilic than the cellulose, with the result that the 
laminate absorbs more water. The work of several 
investigators on related problems supports this hy- 
pothesis. Clark (7) found that the rate of mechanical 
deterioration of cellulose insulation is greatly acceler- 
ated by small amounts of moisture. The mechanical 
life of the insulation is reduced by one-half for each 
doubling in water content. In addition, deterioration 
promoted by oxidation is accelerated by the presence 
of moisture. In the field of textile research, Bogaty, 
et al (8), and Wiegerink (9), as well as several others, 
have reported on various aspects of the increased degra- 
dation of cotton in the presence of moisture at high tem- 
peratures. 

A second possible cause of increased water absorption 
is associated with a purely physical effect.. The ab- 
sorbed moisture is held in the voids of the cellulose 
fibers, and reduces the extent of penetration of the 
resin into the voids during the pressing operation. 

It is reasonable to expect that other electrical proper- 
ties which are particularly sensitive to the presence 
of water, such as insulation resistance, should be simi- 
larly affected by atmospheric moisture absorbed by 
treated paper. The phenomenon is undoubtedly com- 
mon to the usual variety of phenolic resin varnishes. 


MELAMINE RESIN PRETREATMENT 


Effect of Atmospheric Moisture on Impregnated Paper 
Pretreated with Melamine Resin 


The adverse effects of moisture absorbed by impreg- 
nated paper are minimized to a considerable extent by 
impregnating the paper with a small percentage of a low 
molecular weight, water soluble melamine resin or 
phenolic resin before treating with the phenolic varnish. 
Excellent penetration of the paper fibers is assured by 
using a low molecular weight, water soluble material. 
In this work 5 to 10% solutions of resin were used, and 
the resin pickup was 7 to 9% based on the weight of 
the paper and of the low molecular weight resin. The 
paper was dried after the first resin treatment in, the 
usual manner for a short time, sufficient to remove 
the solvent and advance the resin somewhat. The 
dried paper was then impregnated with phenolic var- 
nish in the usual manner. The resulting laminate thus 
consisted of a total resin content of approxinately 50%, 
of which approximately 5% is resin added in the first 
pass and 45% is the usual phenolic resin. 

Data illustrating the magnitude of the effect of the 
first pass treatment of paper are given in Table IV. 
Alpha-cellulose paper, 0.010 in., impregnated with the 
aniline modified cresol resin was used in this experiment. 
In the bottom half of the table the impregnation with 
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Table IV. Effect of Melamine Resin Treatment of Paper 
on Dissipation Factor of Aniline Modified Cresol Resin 


Laminates 

2G) Ses a SS 

Time Volatile ngizt : 
at 50% content Dissipation 
R.H. before 10 min. at 60-Cycle dissipation factor factor 
press., hr. 160°C., % Condition 1% Condition 24 drift® 
Control—No Melamine Resin Treatment 

0) 4.86 0.030 0.074 0.044 
il 5.86 0.086 0.167 0.081 
13/4 6.06 0.133 0.226 0.093 
191/¢ 6.86 0.208 0.362 0.154 
Paper Treated with Melamine Resin Before Impregnation 
0 4.44 0.010 0.040 0.030 
2/5 4.83 0.017 0.035 0.018 
13/, 4.85 0.030 0.061 0.0381 
171/, 5.54 0.085 0.123 0.038 


@ Condition 1 = Laminate conditioned 6 days at 23°C. and 50% R.H. 
Condition 2 = Laminate immersed in water 24 hr. at 23°C. following Condi- 
tion 1. 

b Increase in dissipation factor after water immersion. 


varnish was preceded by a treatment with low mo- 
lecular weight melamine resin. The upper half of the 
Table is the control portion, in which case no pretreat- 
ment was used. The two sets of impregnated paper 
were exposed to the atmosphere at 23°C. and 50% 
R.H. The absorption of moisture is reduced as a 
result of the first pass treatment as seen by the volatile 
content data. The dissipation factor is affected only 
slightly compared to the control. The dissipation fac- 
tor drift is’ hardly affected by the exposure of the paper 
to the atmosphere, whereas the drift increases signifi- 
cantly in the case of the paper which was not first 
treated with melamine resin. In Fig. 5 the data are 
presented graphically as a function of “time at 50% 
R.H. before pressing.” 

As a result of the first pass treatment, the slope of 
the curve of dissipation factor versus time at 50% R.H. 
at low exposure times is reduced several fold. The dis- 
sipation factor is not affected too seriously even after 
long exposure time before pressing. The same obser- 
vations apply to the dissipation factor drift curves. 


Table V. Effect of First Pass Treatment of Paper by Low 
Molecular Weight Melamine or Phenolic Resin on Drift 
Properties of Cresol Resin Laminates 


First-pass 
resin None 


2 Phenolic 
Melamine resin resin 


First-pass 
resin 
content, 


D/24/23% 0.0051 0.0042 0.0036 0.0016 


D/24/23° 0.34 0.29 0.25 0.07 


0.0949 0.0793 0.0465 0.0168 


D/24/23 1.07 0.80 0.56 0.22 


“2D /24/23¢ FOZ SND PIES Se NE © ah aS Se Oa Se lay! 
Water abs., 
D/24/23, % 1.02 1.09 0.72 0.46 


a Increase in dissipation factor after immersion of laminate in water 24 
hr. at 23°C. 
b Increase in dielectric constant after immersion of laminate in water 24 
hr. at 23°C. 
peat ee, resistance after immersion of laminate in water 24 hr, at 
2 : 
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Fig. 5. Effect of melamine resin treatment of paper on 
60~ dissipation factor of aniline modified cresol resin 
laminates 


Analysis of the data reveals that these effects re- 
sulting from the pretreatment of the paper cannot be 
explained solely on the basis of decreased rate of mois- 
ture absorption. It is believed that the mobility of 
the water which is absorbed from the atmosphere is 
reduced considerably due to the cross-linking of the first 
pass resin when the laminate is pressed. This is reason- 
able because the low molecular weight nature of the 
first pass resin and its application from dilute aqueous 
solution make for intimate association of the resin with 
the cellulose molecules in much the same manner as the 
water molecules. The resin and the water thus exist in 
essentially the same ‘“‘phase.’’ The result is that in the 
laminate, after pressing, the water absorbed from the 
atmosphere is surrounded by a network structure not 
too different from that which surrounds the molecules 
of water of condensation of the phenolic resin. 


Effect of Melamine Resin Pretreatment on Other Electrical 
Properties 


Electrical properties other than those at 60 cycles 
are also improved by pretreatment of paper. The 
main effect is to increase the resistance of the laminate 
to water and humidity conditioning. In Table V 
electrical properties at one megacycle and one kilo- 
cycle, insulation resistance after water immersion 24 
hr. at 23°C. (D/24/23), and water absorption are given 
for a series of 0.007-in. alpha-cellulose cresol resin lami- 
nates. These include (1) melamine resin as the first 
pass resin at two different resin contents, (2) phenolic 
resin as the first-pass resin, and (3) a control which had 
no special treatment. 

The improvement in electrical properties after water 
immersion can be correlated with the improvement in 
water absorption. The effect is not too great at one 
megacycle because the electrical properties at the high 
frequency are not very sensitive to the presence of 
water. On the other hand, insulation resistance, which 
is very sensitive to water, is improved by a factor of 
almost 100 compared to a factor of 2 for the improve- 
ment in water absorption. 

A first-pass resin content of 5% melamine resin is 
not sufficient to have a significant effect on properties. 
The effect at 9%, however, is significant. The com- 
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parison is most striking in the case of insulation 
resistance. 


Effect of Melamine Resin Pretreatment on Fire Resistance 


In addition to the general improvement of electrical 
properties, the fire resistance of both resin laminates is 
improved considerably by the first-pass treatment with 
melamine resins. The improvement is much greater 
than would result from incorporation of the same 
amount of melamine resin into the cresol resin. The 
fire resistance of the aniline-modified cresol resin lami- 
nate is upgraded sufficiently to make it self-extinguish- 
ing in 10 to 20 sec. after removal of the flame when the 
test specimen is supported horizontally (ASTM D 635- 
44). In the absence of melamine resin, the laminate 
is not self-extinguishing. The after-glow or flameless 
combustion which often occurs with phenolic laminates 
after the flame has been extinguished is eliminated com- 
pletely by the melamine resin treatment. 

These experiments indicate that there is a definite 
advantage gained in fire resistance by impregnating the 
paper fibers with a fire resistant material. Impregna- 
tion of the paper with a low molecular weight, highly 
penetrating resin from an aqueous solution provides 
the very best penetration of the fibers that can be ob- 
tained. It is for this reason that the adverse effects of 
moisture absorbed by treated paper are minimized so 
effectively. The fact that the fire resistance is im- 


proved so greatly indicates that the paper is a very 
important factor determining the fire resistance of 
paper laminates. 

The importance of fiber penetration by the resin as 
opposed to simply increasing the amounts of resin 
lying on top of the fibers was shown by the fact that 
doubling the melamine resin content of the paper from 
8 to 16% before impregnation with aniline modified 
cresol resin caused no further improvement in fire 
resistance. 
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Post Pressure Roll Yankee Drier Sheet Consistency 
Determination by Material and Enthalpy Balance 


WILLIAM A. DICKENS 


Two general techniques of post pressure roll Yankee drier 
sheet consistency determination are presented: the drier 
hood material balance and the drying system enthalpy 
balance. Methods of measuring drying hood flows and 
humidities, necessary for material balance, that have 
worked well in practice, are presented. The techniques 
outlined have proved invaluable for Yankee drier system 
studies. 


Tue accurate measurement of many important 
paper machine operating variables is often a difficult 
matter. The reasons are numerous. Sampling tech- 
niques often are difficult and likely to cause machine 
downs. Most operating machines are designed for 
speed and efficiency of operation and not for ease of 
testing. -Machine conditions are continuously chang- 
ing, increasing the difficulty of obtaiming representative 
information. Most of these difficulties apply to the 
determination of Sheet consistency immediately after 
pressure roll application to a Yankee drier. 

Sheet consistency to the Yankee drier is a most im- 
portant variable in creped wadding machine operation 
as machine speed and hence production is often limited 
by the drying capacity of the Yankee drier and its 


Wuiam A. Dickens, Chemical Engineering Laboratory. Research and De- 
velopment Division, Kimberly-Clark Corp., Neenah, Wis. 
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associated hood. Thus, the drier the sheet on applica- 
tion to the drier, the greater the production potential 
of the machine and the more profitable the operation. 
Therefore, it is obvious that an accurate technique of 
measuring the post pressure roll water content of a 
sheet is a valuable tool. If this water content proves 
to be higher than normal, a program of wet-end and 
furnish changes can be undertaken to provide easier 
dewatering prior to the drier. In addition, this con- 
sistency value offers a method of determining the 
amount of dewatering accomplished prior to the drying 
system by a given change in machine operation. 


CONSISTENCY DETERMINATION BY 
HOOD MATERIAL BALANCE 


The water content of a sheet immediately after ap- 
plication to a Yankee drier cannot be measured easily 
or accurately by a direct sampling technique. ‘There- 
fore, an indirect method must be used. The method 
described below based on classical material and 
enthalpy balances, though somewhat time consuming, 
is capable of good accuracy. 

Yankee drier hoods are normally operated so that 
there is little or no blow out of the hot, humid, drying- 
system air into the machine room. This means that 
essentially all the moisture evaporated from the sheet 
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drier 
exhaust 


wet 
exhaust 


Fig. 1 


must leave the drying system via the hood exhausts. 
This fact is the basis of sheet consistency determination 
by hood material balance. 

The important air-flows in a typical Kimberly-Clark 
Corp. wadding drying hood are schematically illus- 
trated in Fig. 1. 

Heated supply air is directed at the sheet via nozzles 
from a series of plenum chambers spaced around the 
drier periphery. The air supplied to the area adjacent 
to the pressure roll, being the wettest and coldest air, 
is completely exhausted by the wet exhaust fan. The 
remainder of the supply air, after contacting the sheet, 
is split into two streams, one of which is recirculated 
and mixed with fresh air and heated to form the supply 
air stream. The remaining fraction is exhausted to the 
atmosphere as the dry exhaust stream. In addition, 
there is some suck air into the hood from the machine 
room. Obviously, all water evaporated from the sheet 
must leave via the two exhaust streams. If suitable 
techniques are available to measure the flow and 
humidity of the dry exhaust, wet exhaust, fresh air, 
and suck air streams, then the rate of evaporation from 
the drier surface may be easily calculated by material 
balance. 

This figure, combined with production and roll mois- 
ture figures, indicates the sheet water content after 
application by the pressure roll. Let the important 
flows and humidities be designated by the following 
symbols: 


Hyer = wet exhaust humidity, lb. H,O/lb. moisture-free air 
Hpz = dry exhaust humidity, lb. H.O/lb. moisture-free air 
Hrs = fresh air humidity, lb. H.O/lb. moisture-free air 
Hg, = suck air humidity, lb. H.O/lb. moisture-free air 
Fywe = wet exhaust air flow, lb./hr. 
Fpr = dry exhaust air flow, lb./hr. 
Fy, = fresh air flow, lb./hr. 

380 


suck air flow, lb./hr. 


Fg 
E 7 water evaporation from sheet, lb. /hr. 


Since the hood operates under essentially steady 
state conditions, the following relations must apply: 


Prat Fsa = For + fwe (1) 
Hea Fra + Hea Fsa + E = Awe Fwe + Hpoz Foz (2) 


Equation (2) indicates the quantities that must be 
measured if the.evaporation from the sheet, H, is to be 
determined. 


FLOW MEASUREMENT 


The most difficult job is the measurement of the wet 
and dry exhaust flow rates. On most production 
machines, the ductwork is of such a character as to 
make flow measurement by a conventional pitot tube 
an arduous task, subject to large inaccuracies. The 
ductwork usually contains many bends, contractions, 
and expansions with only short lengths of straight 
ducting, which situation leads to highly erratic and 
uneven flow profiles. In addition, flows in some areas 
are hard to measure accurately because of small velocity 
heads. The actual flow rates of the exhaust streams 
are thus difficult to determine by a pitot tube traverse. 

The method of exhaust stream air-flow measurement 
that has proved to be most valuable is an SO2 dilution 
technique. This technique consists of introducing 
sulfur dioxide into the exhaust stream at a known flow 
rate and analyzing for the concentration of SOQ: at a 
point downstream of the point of introduction where 
essentially complete mixing of the SO. with the air 
stream has occurred. Sulfur dioxide has several ad- 
vantages as a low concentration additive for flow 
measurement. It is inexpensive, it is comparatively 
innocuous in the low concentration range (30 to 50 
p.p.m.) in which it is employed and a relatively easy 
analytical technique is available for SO. determination 
in the low concentration range. Other diluents could 
be used but none of those considered to date possesses 
the advantages of SOs. 

The SO, is metered into the exhaust stream via a 
sonic orifice. This orifice consists of a small hole 
drilled through a stainless steel plate at the vena con- 
tracta of which the SO; velocity is the velocity of sound 
in SO. A sonic orifice is an excellent method of 
metering small quantities of a pressurized gas. Sonic 
velocity is achieved by maintaining the pressure back 
of the orifice above the pressure defined by the critical 
pressure ratio. At constant upstream pressure, the 
flow through a given sonic orifice is a function only of 
upstream temperature. As an example, a 0.042-in. 
orifice gives an SO, flow of about 0.1 Ib. per min. for 
25 p.s.i.g. SO. pressure. 

After mixing has occurred, the concentration of SO» 
in the air stream is most easily determined by an 
iodometric technique. For an SO: in air concentration 
of about 50 p.p.m., an absorbing solution which is 
about 0.001 N with respect to iodine and which con- 
tains starch indicator and 40 g. of potassium iodide per 
liter is an effective absorbing solution. About 10 1. of 
air are bubbled through a 100-ml. sample. A blank is 
needed as the hot air tends to volatilize about 2% of 
the iodine. 

To be an effective flow measurement technique, the 
SO, dilution method requires complete mixing of the 
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SO, before sampling and analysis of the air stream. A 
fan is generally an excellent mixing device. In the 
analysis of one system, SO: was introduced immediately 
before the exhaust fans and essentially complete mixing 
prevailed 10 ft. downstream of the fan. In another 
system, the fan did not accomplish a similar degree of 
mixing and it was necessary to introduce the SO, con- 
siderably upstream of the fan to have a reasonably even 
concentration profile (variation of no more than 2%) 
for analysis after the fan. 


In the analysis of one system, the dry exhaust flow 
could not be measured by the SO» technique because of 
poor fan mixing and lack of sufficient ductwork prior to 
the fan. In this case, twelve point addition across the 
fan was tried without success. Where this is the case, a 
reasonably accurate pitot tube technique can be devised 
by suitable minor and temporary ductwork changes. 
In many instances, the major drawbacks of a pitot 
tube flow-measurement technique are that the flow 
profile is highly uneven, because of the character of the 
ductwork, and that the flow velocity is too low to be 
measured with the required accuracy. This situation 
can be cured by constricting the flow through a tem- 
porary conduit. The flow area of this conduit is sized 
to give a reasonably high velocity pressure without 
unduly restricting flow. The length/diameter ratio of 
the conduit should be large enough (about 5) to give 
a fairly even velocity profile. A pitot tube traverse 
will then give a satisfactory answer. 


HUMIDITY MEASUREMENT 


The standard method of humidity measurement of 
air streams is by the wet and dry bulb technique. This 
method is adequate at room temperature, but becomes 
progressively more unsatisfactory at more elevated 
temperatures. At the high temperatures and humidi- 
ties characteristic of a drying system, serious errors 
result from the assumption that wet bulb and adiabatic 
saturation temperatures of air are the same. There- 
fore, a different method, based on the absorption of 
water on an efficient desiccant, is considerably more 
accurate. The technique which we have utilized in- 
volves the absorption of the water vapor from a known 
weight of air on Anhydrone (magnesium perchlorate), 
an efficient desiccant. 

This desiccant may be used at high temperatures 
because the first hydrate is stable to 278°F. Humidity 
values are obtained by drawing air samples by oil dis- 
placement through a U tube containing the desiccant. 
Because of the temperature stability of the desiccant, 
the U tube may be heated prior to sampling to prevent 
premature condensation in the tube arm. 


CONSISTENCY CALCULATION 


Having the wet and dry exhaust flows and humidities, 
the fresh air humidity and the production and roll 
moisture figures, the calculation of the post pressure 
roll consistency is a relatively easy matter. By equa- 
tion (1), the fresh and suck air flows must equal the 
sum of the wet and dry exhaust flows. Usually, the 
fresh air flow is the major fraction of the air supply 
and only a minor error is introduced by assuming that 
the suck air humidity equals the fresh air humidity 
(usually it is somewhat higher). If the suck air flow 
is large and there is an important difference between 
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fresh and suck air humidities, the fresh air flow may 
be measured by suitably constricting the flow and 
utilizing a pitot tube traverse. Equation (2) then 
defines the evaporation, and calculating the consistency 
is an easy matter. 


ENTHALPY BALANCE CHECK 


An enthalpy balance is a good technique for checking 
the consistency value obtained by material balance. 
An enthalpy balance may be utilized if the flow of 
steam to the drying system and the enthalpy change 
this steam undergoes can be easily measured. The 
following quantities are important terms in an enthalpy 
balance: 


S = ieee flow to drying system, lb./ 
iz 

AHs = steam enthalpy change, B.t.u./Ib. 

E = water evaporation from sheet, 
lb./hr. 

AHy = evaporated water enthalpy 
change, B.t.u./Ib. 

Fra, Fsa, Foz, Fwe = air system flows, lb./hr., previ- 


ously defined 

Hyra*, Hsa*, Hpn*, Hwn* = fresh air, suck air, dry exhaust, 
and wet exhaust specific en- 
thalpys, B.t.u./lb. 


IP = dry production rate, lb./hr. 
AH, = production enthalpy change, 
B.t.u./lb. 


Using the above defined variables, the following 
steady state enthalpy balance can be written if we 
neglect heat losses to the surroundings, and other 
minor system enthalpy flows: 


SAHs = HAH; + For A* pn + Fywelwe* + 
IPE, — FraHra* — FssHsa* (3) 


Steam flow is best measured by calibrated orifice. 
If the drier condensate and blow through is collected 
in one or more separators and the flash and blow steam 
used to heat the supply air, the exit enthalpy of the 
steam may be considered, with small error, to be that 
of water at the saturation pressure of the low pressure 
separator. The pressure and the temperature of the 
supply steam define the inlet steam enthalpy. 

The air flows are measured as previously described. 
The values of the air specific enthalpy term are solely 
a function of the temperatures of the individual air 
streams, which may be easily measured. The value of 
AH; is determined by the temperature at which the 
sheet is applied to the drier and the temperature of the 
exhaust streams. Thus, equation (3) may be easily 
solved for E. The water evaporation rate and the 
sheet consistency as it is applied to the drier may be 
determined from the evaporation rate and production 
figures. The assumption that the heat losses from the 
system may be neglected is a good one. The convective 
heat loss from an insulated hood should be about 1% 
of the total system heat flow which usually is between 
6 X 10% and 20 X 10° B.t.u./hr. 

Comparison of equations (2) and (3) shows that an 
increase in the measured exhaust flows indicates a 
lower consistency by the material balance and a higher 
consistency by the enthalpy balance. Thus, good 
agreement between the consistency values obtained by 
the two methods lends confidence to the results. 
Recrivep Oct. 30, 1959. Presented at the 14th Engineering Conference of 
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Water Immersion of Resin-Saturated Paper 


FRITZ ROSENTHAL 


Numerous quality control problems in the production of 
paper saturated with phenolic resins pointed to a need for 
a control method to determine the effectiveness, uni- 
formity and degree of cure of resin-saturated papers. 
The “Weight Gain Test’’ which measures the weight gain 
of specimens of saturated paper after a brief immersion in 
water before, during, and after resin cure is described; 
the test follows the transition from a water-absorbent 
to a water-repellent sheet. The same test method lends 
itself to the comparison of different phenolic resins 
and to the study of factors affecting resin condensation. 


Tue properties of paper can be modified by 
impregnation with many types of synthetic resins. 
The oldest of these, phenolformaldehyde, is still the 
most widely used for this purpose. 

The function of the phenolformaldehyde resin as a 
saturant in paper is based on its capacity to be con- 
verted into the insoluble and infusible stage under the 
influence of heat. This complex chemical reaction, 
plus the highly developed surface structure of the cellu- 
lose fiber, has been primarily responsible for the prob- 
lems of quality control of these saturated papers. To 
give only one example for these problems, the determi- 
nation of the resin content in such papers by solvent 
extraction becomes increasingly unreliable with storage 
time, since the solubility of the phenolic resin decreases 
progressively. Thus, it becomes very difficult to de- 
termine whether a sheet of paper has been saturated 
with the required percentage of resin, or whether the 
resin has been applied uniformly. Other factors af- 
fecting the quality of these saturated papers are mois- 
ture content and the degree of resin cure. 

A test is described here to determine the effectiveness, 
uniformity and condition of paper saturated with 
phenolformaldehyde resin. The test, briefly designated 
as the weight gain for saturated paper, is based on the 
weight gain of specimens of saturated paper after a 
brief immersion in water before, during, and after resin 
cure; it follows the transition from a water-absorbent 
to a water-repellent sheet. The test is rapid, repro- 
ducible, and has the advantage of not requiring any 
unusual or expensive laboratory equipment. 


METHOD AND PROCEDURE 

Strips of phenolic resin-impregnated paper (6 X 1 in.) 
were weighed airdry to 0.01 g. They were immersed 
in water of 76°F. for exactly 5 sec. The wet strips 
were shaken to throw off excess water until water drop- 
lets were no longer released, which normally required 
25 sec., and were then reweighed. The per cent weight 
gain was calculated from the two weighings. 

Strips of phenolic resin-impregnated paper were 
weighed airdry and placed between two platens elec- 
trically heated to 300°F. for various periods of time. 
The distance between the platens was chosen as !/s in. 
to facilitate quick insertion and removal of the paper 


Fritz RosentHau, Knowlton Bros., Inc., Watertown, N. Y. 
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specimens so that the heat exposure times could be 
kept as precise as possible. These heated strips were 
immersed in water, and reweighed as described in the 
previous paragraph. 


RESULTS AND DISCUSSION 


Plots of calculated weight gain after water immersion 
versus heating time usually have the form of an S-curve 
(Fig. 1), showing the rate of transition from water 
absorbency to water repellency. The initial slope of 
the curve steepens as the specimen approaches the 
platen temperature and as the cross-linking of the 
phenolic resin proceeds. The steepest portion of the 
S-curve depicts the actual curing of there sin. After 
prolonged heating, the curve flattens and the weight 
gains finally reach a level which does not change by 
continued heating. 

The S-curve obtained by the transition from water- 
absorbency to water-repellancy has a striking resem- 
blence to S-curves of the flow rate of phenolic molding 
powders when subjected to the influence of heat and 
pressure. These S-curves are obtained on the record- 
ing mechanism of the Rossi-Peakes flow tester, which is 
illustrated and described in ASTM Standard Method 
D 569-48. 

The reproducibility of the weight-gain method is dem- 
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Fig. 1. Typical weight-gain curve of phenolic resin- 


impregnated paper 
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Table I. Reproducibility of Weight Gain Results 


Heating time, min. 
3 6 


Gain Gain Gain Gain 

Experiment % % /o % 

1 386 140 68 57 

2 396 134 69 55 

3 407 136 83 62 

4 369 147 67 63 

5 403 161 66 50 

6 373 166 63 71 

ic 362 174 68 53 

8 391 131 83 56 

9 402 136 72 53 
10 404 167 89 Oe 
Average 389 149 13 58 
Standard 

deviation 15.4 15.4 8.4 5.8 


onstrated by the data in Table I, showing weight gains 
after water immersion of phenolic resin-saturated paper 
heated to 300°F. for 0, 3,5, and 10 min. The devia- 
tions tend to decrease with increasing heating time. 


APPLICATIONS OF THE WEIGHT GAIN TEST 


Identification of Cause in Defective Saturated Paper 


Improper Resin Saturation. The following experi- 
ment illustrates the use of the weight-gain test to show 
that the tested paper was improperly saturated. The 
cure of this paper was followed by heating specimens 
cut across the width of the web, their location being 
marked 1, 2 and 3 to 300°F. for 0, 3, 5, and 10 min. 
The weight gain data of these specimens were plotted 
against heating time, as shown in Fig. 2. It is seen 
from this plot that locations 1 and 2 showed a high 
water absorption even after prolonged heating to 
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300°F. This phenomenon indicated the absence of 
resin in areas of high water pickup after heating. Lo- 
cation 1 showed more lack of resin than location 2. 
It should be noted that this test is more sensitive than 
the solvent extraction of phenolic resin; the sensitivity 
of that procedure decreases with age of the saturated 
paper sample. 

Moisture Pickup. When damp, resin-saturated pa- 
per is subjected to curing temperature, the moisture 
evaporates causing a heat loss. This heat loss mani- 
fests itself in a retardation of cure. This is illustrated 
in Fig. 3, which shows weight-gain curves of two satu- 
rated sheets, one conditioned by storage over anhydrous 
CaCl, (curve 1), one over saturated water vapor (100% 
R.H., curve 2). 

It is demonstrated that the weight-gain pattern of 
damp paper reverts to a pattern approaching that of 
predried paper by subjecting the damp paper to a vac- 
uum treatment at room temperature which removes the 
moisture without affecting the cure of the resin; after 
such a vacuum treatment, curve 3 in Fig. 3 is obtained. 

Rolls of paper are sometimes stored so that an outside 
edge is exposed to moisture. This edge is apt to cure 
at a slower rate than the dry inner paper. The weight 
gain after immersion shows this (Fig. 4, curve 1). A 
similar curve would be obtained if the resin content was 
low at one edge, as could be the case at improper satura- 
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Fig. 4. Identification of moisture in phenolic resin- 
impregnated paper. Effect of vacuum treatment on 
weight-gain curve 


tion. A weight gain test after vacuum treatment will 
tell the difference. The weight gain decreases sig- 
nificantly after moisture removal. Obviously, vacuum 
treatment would not have affected the weight gain if 
excessive weight gain was caused by lack of resin. 

Insufficient Cure. A study of the weight gain curves 
reveals that resin-saturated paper will pick up more 
water before the cure cycle is complete. It follows, 
therefore, that resin-saturated paper subjected to a 
curing cycle will give a weight gain which is represented 
by a point located somewhere on the lower slope of the 
S-curve. Its exact location on the S-curve depends on 
two factors, (a) the degree of cure, and (b) the resin 
content of the paper. 

In many instances, resin-saturated, cured paper is 
examined under conditions where both of these factors 
are unknown. Ordinarily, a low weight gain is ex- 
pected in such paper. If it is high, the weight-gain 
test provides a simple qualitative tool to determine 
the cause for this condition: A second specimen of such 
paper is heated to 300°F. for 5 min., followed again by a 
weight-gain test. If the weight gain after the heating 
cycle remains essentially as high as the paper not sub- 
jected to heating, it may be concluded that the paper did 
not contain sufficient resin to convert it to water re- 
pellency. On the other hand, if the weight gain is 
substantially decreased as a result of the heating cycle, 
it is established that the resin-saturated paper had not 
yet been completely cured before. 
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Fig. 5. Rate of cure of two phenolic resins shown by 
weight-gain patterns 


Evaluations of Different Phenolic Resins 


Two sheets of one lot of absorbent paper are saturated 
with two different phenolic resins, so that both sheets 
contain the same amount of dry resin solids. After 
drying to a volatile content of about 6%, weight gain 
data are obtained by the water immersion technique. 


The resulting weight-gain curves, giving the rate of cure « 


at each cure time and temperature (Fig. 5) show that 
each resin has a characteristic curve of its own. 

This result suggests the possibility of comparing the 
cure behavior of different phenolic resins at any desired 
temperature, by simply saturating an absorbent paper 
with equal amounts of resin solids, and subjecting the 
saturated sheets to the water immersion technique after 
identical curing cycles at identical temperatures. Fur- 
ther interesting possibilities are studies of variables in 
the preparation of a phenolic resin, e.g., condensation 
time and temperature, ratio of phenol to aldehyde, type 
and concentration of catalyst. 


SUMMARY 


The weight-gain test provides a new and simple 
technique for the determination of the quality of 
saturation and degree of cure in papers saturated for 
phenolic resins. The same method lends itself to the 
comparison of different phenolic resins and to the study 
of factors affecting resin condensation. 

Recervep Sept. 25, 1959. Presented at the 14th Plastics-Paper Conference 


of the Technical Association of the Pulp and Paper Industry, held in Chi- 
cago, Ill., Sept. 20-23, 1959. 
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ASSOCIATION NEWS AND EVENTS 


National Conferences 


Eleventh Coating Conference, Edgewater Beach Hotel, 
Chicago, Ill., May 23-25, 1960. 

Pulp Bleaching Conference, Edgewater Beach Hotel, 
Chicago, Ill., June 14-16, 1960. 

Fourteenth Alkaline Pulping Conference, Multnomah Hotel, 
Portland, Ore., Aug. 22-24, 1960. 

Forest Biology Conference, Seattle, Wash., Aug. 23-27, 1960. 

Eleventh Testing Conference, Pantlind Hotel, Grand Rapids, 
Mich., Sept. 27-29, 1960. 

Fifth Deinking Conference, Conway Hotel, Appleton, Wis., 
Oct. 5-7, 1960. 

Tenth Corrugated Containers Conference, Royal York Hotel, 
Toronto, Canada, Oct. 10-13, 1960. 

Fifteenth Plastics-Paper Conference, Hotel Syracuse, Syra- 
cuse, N. Y., Oct. 17-19, 1960. 

Fifteenth Engineering Conference, Robert Meyer Hotel, 
Jacksonville, Fla., Oct. 24-28, 1960. 


Local Section Meetings 


Pacific: April 28, 29, 30, 1960, Bellmgham, Wash., Annual 
Meeting; September, 1960, Salem, Ore., “Modernization.” 

Golden Gate District (Pacific Section): May 10, 1960, True 
Memorial Lecture, Hotel Claremont, Berkeley. 

Lakes States: May, social meeting—date to be announced. 

Delaware Valley: April 28, 1960, Engineers Club, Philadel- 
phia, Pa., E. J. Albert Award Program; May 27, 1960, 
Beloit Eastern, Downingtown, Pa., tour and outing. 

Kalamazoo Valley: April 21, 1960, Inman’s Restaurant, 
Galesburg, ‘Stock Preparation”; May 12, 1960, Harris 
Hotel, Kalamazoo, Recognition Night, WMU Awards; 
June 21, 1960, Annual Golf Outing, Gull Lake Country Club. 

New England: June 3-4, 1960, Chatham Bars Inn, Chat- 
ham, Mass., Spring Meeting. 

Ohio: May 12, 1960, Hartwell Country Club, Cincinnati, 
Ohio, Ladies’ night. 

Ohio (Indiana District): April 19, 1960, Plant tour to be 
announced, ‘‘Coating,’’ Brage Golding, Purdue University. 
May 17, 1960, Marott Hotel, Indianapolis, Ind., “Testing,” 
Arthur Dreshfield, The Glidden Co. 

Empire State: Whiteface Inn, Whiteface, N. Y., June 10-11, 
1960. 

Empire State (Metropolitan District): 465 Lexington Ave., 
New York, N. Y., May 13, 1960, Ladies’ Night. 

Empire State (Northern District): Woodruff Hotel, Water- 
town, N. Y., May 12, 1960, Annual Ladies’ Night. 

Empire State (Central District): University Club, 481 FE. 
Fayette St., Syracuse, N. Y. 

Empire State (Western District): Prospect House, Niagara 
Falls, N. Y. 

Empire State (Eastern District): Queensbury Hotel, Glens 
Falls, N. Y., April 21, 1960, Symposium, “Wet End Ma- 
chine Operation”; May 21, 1960, Annual Ladies’ Night. 

Maine-New Hampshire: June 17-18, 1960, Mountain View 
House, Whitefield, N. H., Annual Meeting. 

Chicago: Chicago Bar Association, 29 S. LaSalle St., 
Chicago, Ill., May 3, 1960. 

Southeastern: May 20-21, 1960, Savannah, Ga. 

Gulf Coast: May 13, 1960, New Orleans, La. 

1960 Conference—Study Group of European TAPPI Mem- 
bers: Lucerne, Switzerland, Sept. 12-16, 1960. All queries 
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concerning hotels, etc., will be organized by R. Naville, Jena- 
taschstrasse 4, Ziirich 2, Switzerland, and the Lucerne Travel 
Bureau. All queries concerning the program should be sent 
to the secretary, I. F. Hendry, Butler’s Court, Beaconsfield, 
Bucks, England. 


Other Conferences 


AIEE Annual Conference on Electrical Engineering vn the 
Pulp and Paper Industry, University of Florida, Gainesville, 
Fla., April 21-22, 1960. 

EuCePa Symposium on “Statistical Methods in the Pulp and 
Paper Industry,’ Helsinki University of Economics, Helsinki, 
Finland, May 16-18, 1960. Program details may be obtained 
from Nils Lindberg, Secretary-Gencral EuCePa Symposium, 
Finnish Paper Engineers’ Association, Unioninkatu 19, 
Helsinki, Finland. 

Association Technique de L’ Industrie Papetiere Annual Meet- 
ing, 13th Congress, May 29—June 3, 1960, at Aix-les-Bains 
(Savoie). Program details may be obtained from Paul Turel, 
Secretary-General, Association Technique de L’Industrie 
Papetiere, 154, Boulevard Haussmann, Paris, France. 

Tenth Pacific Science Congress of the Pacific Science Assocta- 
tion will be held at the University of Hawaii, Honolulu, from 
Aug. 21 to Sept. 6, 1961, sponsored by the National Academy 
of Sciences, Washington, D. C., and Bernice P. Bishop Mu- 
seum, with the cooperation of the University of Hawaii. Sci- 
entific sessions will be held from August 21 to September 2, 
with a post-sessional field trip through September 6. Ad- 
dress all correspondence to: Secretary-General, 10th Pacific 
Science Congress Bishop Museum, Honolulu 17, Hawaii. 

Third Cellulose Conference, Cellulose Research Institute, 
State University College of Forestry, at Syracuse University, 
Syracuse 10, N. Y., Oct. 27-28, 1960. 


TAPPI Headquarters Staff Promotions 


James R. Lientz, president of TAPPI, has announced a 
series of promotions involving members of the Association’s 
headquarters staff. These new assignments were approved 
by the Executive Committee during the 45th Annual Meeting 
held in New York this past February. 

Philip E. Nethercut, formerly Secretary-Treasurer, has 
been named Executive Secretary. In this capacity he will 
direct all operations of the headquarters staff. Mr. Nethercut 
joined the Association staff in 1957 as Technical Secretary 
and was appointed Secretary-Treasurer in 1959. 

Ronald G. Macdonald, formerly Assistant to the President, 
has been named Treasurer and Editorial Director. In this 
new assignment Mr. Macdonald will direct and coordinate 
the publication activities and policies of the Association. 
Mr. Macdonald has served as an officer of the Association 
since 1928 and was appointed Assistant to the President last 
year. 

A. John Winchester has been promoted from Technical 
Associate to Technical Secretary. In this capacity Mr. Win- 
chester will coordinate the activities of the Association’s 
technical divisions and the headquarters’ technical staff. 
Mr. Winchester joined the Association staff as Technical 
Assistant in 1953 and was named Technical Associate im 
1957. 

James W. Field has been named Local Section Assistant, 
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in which assignment he will guide and assist the Association’s 
local sections and districts. Prior to this new responsibility 
Mr. Field had served as Technical Assistant on the head- 
quarters staff since 1957. 


Research Studentships 


The Wiggins Teape Group invites applications for two re- 
- search studentships, each to a value of £500 p.a. sterling. 
These studentships, are designed for overseas graduates wish- 
ing to gain experience in the British paper industry, and to 
undertake fundamental studies in the properties and structure 
of paper. The studentships will be tenable at Butler’s Court, 
Beaconsfield, where students will be able to make use of exten- 
sive modern equipment. There will be no objection to stu- 
dents using these studentships in conjunction with other 
grants. Applications should be sent to the manager, Wiggins 
Teape Group Research Organization, Butler’s Court, Beacons- 
field, Bucks, England. 


1960 Annual Business Meeting 


The 1960 Annual Business Meeting of the Association was 
held in the East Ballroom of the Commodore Hotel on 
Monday, Feb. 21, 1960. J. R. Lientz presided at this meet- 
ing, which was attended by well over the quorum required 
to transact Association business. 

The meeting opened with a report on 1959 Association ac- 
tivities by P. E. Nethercut, secretary. This was followed by 
the president’s annual address which will be published in 
the May issue of Tappt. 

J. R. Lientz read the report of the Tellers Committee, 
announcing the election of J. R. Lientz as president, H. M. 
Annis as vice-president, and J. M. McEwen, A. H. Nadelman, 
K. D. Running, and H. A. Spencer as new Executive Com- 
mittee members. 

Two proposed amendments to the Association Constitution 
were submitted to the voting members present at the meet- 
ing. The first involved elimination of the class of overseas 
memberships and reassignment of overseas members to other 
classes. A. Abrams moved that this amendment be approved, 
and his motion was seconded by J. D. Lyall. It was passed 
unanimously by the voting members present. 

The second amendment proposed that the title of secretary 
or secretary-treasurer be changed to executive secretary. 
R. P. Whitney moved that this amendment be approved. 
V. F. Waters seconded this motion, which was then passed 
unanimously. 

The secretary was directed to send letter ballots on these 
two proposed amendments to all voting members of the As- 
sociation. Approval by two thirds of the ballots returned is 
required for final approval. 

H. 8. Spencer, chairman of the Joint Textbook Committee, 
reported briefly on the activities of this committee. 

The meeting closed with the presentation of Certificates of 
Appreciation by J. R. Lientz to the following retiring chair- 
men: J. K. Kirkpatrick of the Mechanical Pulping Com- 
mittee, J. T. Loomer of the Coating Committee, L. Price 
of the Paper Testing Committee, H. A. Smith of the Pulp 
Testing Committee, and R. C. Sturken of the Converting 
and Consuming Division. 


Converting and Consuming Division 


Joseph C. Pullman, American Cyanamid Co., New York, 
N. Y., has been appointed general chairman of the TAPPI 
Converting and Consuming Division, succeeding R. C. Stur- 
ken, Frank W. Egan Co., Somerville, N. J.; and K. W. Britt, 
Scott Paper Co., Chester, Pa., has succeeded Mr. Pullman as 
vice-chairman of the division. 

Mr. Pullman is a past chairman of the Plastics Committee 
and was appointed vice-chairman of the Converting and 
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J. L. Pullman, American 


Cyanamid Co. K.W. Britt, Scott Paper Co. 


Consuming Division a year ago. A native of Nova Scotia, 
he received his Ph.D. degree from McGill University, has been 
with American Cyanamid 17 years, and a member of TAPPI 
24 years. 

Mr. Britt is currently chairman of the Wet Strength and 
Interfiber Bonding Committee and has been a member of 
TAPPI since 1941. 

The Converting and Consuming Division of TAPPI com- 
prises three committees: Plastics, Plastics Laminates, and 
Wet Strength and Interfiber Bonding. 


Forest Biology Symposium 


A Forest Biology Symposium, sponsored by the TAPPI 
Forest Biology Committee, will be held Aug. 24-26, 1960, 
at the New Washington Hotel, Seattle, Wash. 

The three-day conference 
will be designed to attract 
both woodlands men and mill 
people interested in wood 
quality, and special sessions 
will be devoted to discussion 
of problems shared by both 
mill men and foresters. 

Registration for the confer- 
ence is to be made in advance 
of the opening date. Preregis- 
tration forms will appear in 
the May issue of Tappi. 

R. J. Seidl, Simpson Timber 
Co., Seattle, Wash., is general 
chairman of the symposium, 
and the technical program is R. J. Seidl, Simpson Tim- 
being prepared by J. W. ber Co. 

Duffield, W. B. Greely Forest 

Nursery, Nisqually, Wash. Local arrangements will be 
handled by R. Z. Callahan, U. S. Forest Service, Inland 
Empire Research Center, 5175 Howard St., Spokane, Wash. 

A. J. Winchester, TAPPI, New York, will act as treasurer 
and publicity director for the conference. 


Retiring Committee and Division 
Chairmen 


Several retiring Technical Committee and Division Chair- 
men were honored with Certificates of Appreciation during 
the 45th Annual National Meeting of the Technical Associ- 
ation of the Pulp and Paper Industry. 

The recipients of these certificates are: 

Philip N. Joranson, research associate, The Institute of Paper 


Chemistry, Appleton, Wis., who served as chairman, Forest 
Biology Committee, from 1957-60. 


Vol. 43, No.4 April 1960 - Tappi 


HIGH OPACITY 


HORSE HEAD” 
R-750 


RUTILE 


TITANIUM DIOXIDE 


You need only moderate percentages 
of HORSE HEAD R-750 in your 
coating to obtain improved show- 
through resistance at lower basis 
weight. This means lower mailing 
costs for your customers. 


Here’s why: 

HORSE HEAD R-750, having a 
rutile crystal structure, has a high 
refractive index... far higher than 
clay, even higher than anatase 
titanium dioxide. : 


HORSE HEAD R-750 is economical, 
too. In coated papers it provides 
more show-through resistance per 
dollar than anatase titanium dioxide. 


SHOW - THROUGH (%) 


HORSE HEAD R-750 is especially 
suited for use in coated papers of all 


24 28 32 36 nec. Ss 48 types. It provides excellent color and 
POUNDS BASIS WEIGHT (25"x 38" - 500) : 
brightness, good dispersion, low 


A lighter-weight sheet with greater resistance to show-through can be ob- feta d df he 
tained by replacing only 4% clay with HORSE HEAD R-750 in the coating. water demand, good llow properties 


The above results were obtained ona 24-Ib. base stock coated one side only. in coating colors. 
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Dr. Louis E. Wise accepting the TAPPI Medal 


Newly elected members of the TAPPI Executive Com- 
mittee: K. D. Running, J. M. McEwen, J. R. Lientz, 
H. A. Spencer, A. H. Nadelman, and H. M. Annis. Both 
Mr. Lientz and Mr. Annis were reelected for second-year 
terms as TAPPI President and Vice-President, respectively 


The 44th Annual TAPPI Luncheon 
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The Executive Committee of the Technical Association 
of the Pulp and Paper Industry, including newly elected 
Executive Committee members: Reading left to right, 
front, seated: J. P. Weidner, K. G. Chesley, J. R. Lientz, 


‘H. M. Annis, J. R. Curtis, R. G. Macdonald. Back: 


H. O. Ware, P. S. Cade, A. Abrams, F. P. Doane, Jr., J. M. 

McEwen, K. D. Running, J. H. Heuer, H. A. Spencer, 

W. C. Bloomquist, A. H. Nadelman, F. S. Klein, L. G 
Rolland, J. J. Koenig 


Some of the foreign visitors and overseas TAPPI mem- 
bers attending the annual meeting, being greeted by 
Philip E. Nethercut, Executive Secretary of the Association. 
Left to right: P. E. Nethercut; G. Conciatore, Cartiere 
Ambrozio Binda, Crusillano, Italy; Luciano Pasero, 
Cartiere Ambrozio Binda; Lars-Henrik Forssblad, Marma- 
Langrors AB, Marmaverken, Sweden: H. W. Giertz, 
Technical University of Norway; Gunther Hunger, 
Institut fuer Cellulosechemie, Germany: and Piero 
Bersano, Cartiere Burgo, Italy 


Pulp Purification Session at the 44th Annual Meeting 
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an Egan 
extrusion coater ? 


One minute’ reading time tella you why / 


Egan is the world’s leading manufacturer of extrusion coating 
equipment. Eighty-five percent of all companies operating ex- 
trusion coater-laminators rely on Egan field-tested equipment. 


The extruder itself is a proven, dependable, high-capacity, 
low maintenance unit. Barrel thickness is calculated for 
optimum heat transfer. Inexpensive high watt-density ceramic 
resistance heater bands provide fast heat-up, and improve 
your plant’s power factor (ceramic heater bands are econom- 
ical to buy and operate). 


The center fed, single piece die minimizes dead storage areas 
and leakage. Rectangular construction lends itself to more 
even heating without warpage. Standard or extended die jaw 
designs are available. 


Critical parts of the extruder and die are precision manufac- 
tured to close tolerances, permitting accurate gauge control 
and production of thinner films. 


A specially designed double-shell internal spiral chill roll, 
furnished with mirror or matte finish, assures maximum heat 


FRANK W. EGAN & COMPANY 
SOMERVILLE, NEW JERSEY asic address: EGANCO—SOMERVILLE (NJER) 


Manufacturers of machinery for the paper converting and plastics industries 


PAPER-coaters, laminators, treaters, gummers, saturators, embossers, unrolls, 
rerolls, drying systems, other components; PLASTICS-extruders, dies, take-offs, 


other accessories. 


Above unit installed at Protective Coatings Corporation, 
Clifton, New Jersey 


transfer rates for cooling the laminate uniformly (less than 
2° F differential across roll). It further permits use of 
smaller diameter cooling rolls which reduces trim losses, the 
largest single factor in production waste. 


Various laminator designs can be furnished, depending upon 
the substrate to be handled. Open construction of the lami- 
nator permits maximum access and visibility by the operator. 


Packaged water circulating and trim disposal systems are 
also provided. 


In addition, patented horizontal and vertical adjustments of 
the laminating nip, which are essential for obtaining maxi- 
mum adhesion, are included. 


A variety of unwinds and winders can be furnished, depending 
upon individual requirements (from hand-splice operations 
to automatic flying splice and flying transfer equipment). 


In short, Egan gives you the complete machine package, 
manufacturing both the extruder and the web handling 
equipment. 


FREE Write for your free Egan Extrusion 
Speed Chart Calculator for coating, 
laminating and film. 


ween CHAP 
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REPRESENTATIVES: MEXICO, D.F.—M.H. GOTTFRIED, AVENIDA 16 DE SEPTIEMBRE; JAPAN—CHUGAI BOYEKI CO., 
TOKYO. LICENSEES: GREAT BRITAIN—BONE BROS. LTD., WEMBLEY, MIDDLESEX; FRANCE—ACHARD-PICARD, REMY & 
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GERMANY—ER-WE-PA, ERKRATH, BE] DUSSELDORF, 
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JO1A 


a 


H. F. Lewis and L. E. Wise, The Institute of Paper Chem- H. M. Annis, Oxford Paper Co.; H. E. Whitaker, The Mead 


istry; and J. R. Lientz, Union Bag-Camp Paper Corp. Corp.; and W. T. Bennett, Canadian International Paper 
Co, 


A, Abrams, A. D. Little; J. M. McEwen, Weyerhaeuser Co.: 


J. R. Curtis, Scott Paper Co.; R. G. Macdonald, TAPPI; R. G. Macdonald, TAPPI; Miss Anne E. Toomey, Sales- 
and Miss Anne E. Toomey, Salesmen’s Association of the 'men’s Association of the Paper Industry: F. L. Mitchell, 
Paper Industry Canadian Pulp and Paper Association: and A. C. McCorry, 


St. Regis Paper Co. 


ee 

MS 
H. E. Weston, Paper Industry Management Association; K. G. Chesley, The Crossett Co.; C. D. Running, Halifax 
Douglas Jones, Canadian Pulp and Paper Association; Paper Co.; H. A. Spencer, Knowlton Bros.; and J. P. 


and P. E. Nethercut, TAPPI Weidner, Container Corp. of America 
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“Safe for use 
in any 
Food Board Mill” 


CLOYH. 
Tor berere- 


Rigorous tests to determine biocidal 
migration from the board to typical food 
types have proven Vineland’s V-10 safe 
for any normal use in all food board mills. 
Using procedures recommended by the 
Federal Food and Drug Administration, 
representative types of paper and paper- 
board food packaging materials, manufac- 
tured in mills using V-10 as the biocide, 
were tested by a recognized Eastern labo- 
ratory to determine V-10’s status under 
usage, within the meaning of the 1958 
Food Additives Amendment. 


The results indicated that no migration occurred from paper or paperboard manu- 
factured in mills using Vineland V-10! Since no migration is expected from paper 
packaging materials treated with V-10, its use is not subject to the Food Additives 
Amendment. 

Use V-10 to rid your mill of all slime problems. Vineland’s technical staff is always 
ready to assist in helping you to establish proper slime control. Bacterial population 
and prevalent micro-organisms will be determined at your request without cost or 
obligation. -Write or telephone (OXford 1-3535) for free booklet “Control of Slime 
in the Paper Mill.” 


* Test results 
ava/lable 
on request. 


/imeiamd Chemical Co. 
West Wheat Road, Vineland, New Jersey 
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Lafayette Price, U. S. Government Printing Office; R. C. 

Sturken, F. W. Egan Co.; J.R. Lientz, Union Bag-Camp Pa- 

per Corp.; J. K. Kirkpatrick, Bowaters Southern Paper 

Corp.; H. A. Smith, The Mead Corp.; and J. T. Loomer, 
Continental Can Co. 


John K. Kirkpatrick, assistant groundwood mill superintend- 
ent, Bowaters Southern Paper Corp., Calhoun, Tenn.; 
chairman—Mechanical Pulping Committee, 1958-59. 

Joseph T. Loomer, manager of sales, Continental Can Co., 
Inc., Robert Gair Products Group, New York, N. Y.; 
chairman—Coating Committee, 1959-60. 

Malcolm B. Pineo, technical director, Brunswick Pulp & Paper 
Co., Brunswick, Ga.; chairman—Pulp Manufacture Divi- 
sion, 1957-60. 

LaFayette Price, paper chemist, U. S. Government Printing 
Office, Washington, D. C.; chairman—Paper Testing Com- 
mittee, 1955-60. 

Herbert A. Smith, technical director, Tech. Service Dept., 
Mead Corp., Chillicothe, Ohio; chairman—Pulp Testing 
Committee, 1957-59. 

Robert C. Sturken, vice-president and treasurer, Frank W. 
Egan Co., Somerville, N. J.; chairman—Converting and 
Consuming Division, 1958-60. 


They will be succeeded by newly appointed chairmen, 
whose names will be announced later. 


Eleventh Coating Conference 


The Eleventh Annual TAPPI Coating Conference will be 
held at the Edgewater Beach Hotel, Chicago, Ill., May 23-25, 
1960. The general chairman of the conference is R. W. 
Hagemeyer, Wyandotte Chemicals Corp., Wyandotte, Mich. 
Technical program chairman is R. W. Martinek, Kimberly- 
Clark Corp., Neenah, Wis., W. E. Welliver, Minerals & 
Chemical Corp., Menlo Park, N. J., is publicity chairman, 
and local arrangements chairman is C. W. Cairns, The Dow 
Chemical Co., Midland, Mich. 

Reservations for sleeping accommodations during the con- 
ference should be addressed to the Edgewater Beach Hotel, 
Chicago, Ill. 

The complete program of the conference is given below. 


SUNDAY, MAY 22, 1960 


4:00-6:30 p.m. 
8:00-10:00 p.m. 


Registration (Passagio) 
Registration (Passagio) 


MONDAY, MAY 23, 1960 
8:00 a.m. Coating Committee Meeting (Ballroom) 
J. E. WitBeEr, St. Regis Paper Co., Deferiet, N. Y., Chairman 
8:30a.m. Registration (Passagio) 
10:30a.m. First Session (Ballroom) 
L. A. Ginpertson, Marathon Division, American Can Co., 
Neenah, Wis., Chairman 
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Opening remarks, R. W. Hagemeyer, Wyandotte Chemical 

Corp., Wyandotte, Mich. 

1. “New Surface Sizing Technique with Polyviny] Alcohol,” 
by B. A. Beardwood and E. P. Czerwin, E. I. du Pont de 
Nemours & Co., Wilmington, Del. 

2. “Coating Polymers for Paper Products,” by W. L. Boyer, 
Firestone Plastics Co., Pottstown, Pa. 


1:30 p.m. Second Session (Ballroom) 


A. W. Nevupaurr, Crown Zellerbach Corp., Camas, Wash., 
Chairman 


3. “European Approach to Printability Research,” by M. 
C. Rogers, Chicago Paper Testing Laboratory, Chicago, 
Ul. 

4. “New Developments in Offset Printing,’ by M. Bruno, 
Lithographic Technical Foundation, Chicago, IIl. 

5. “The Effect of Pigment Binders on Paper Gloss, Printed 
Gloss, and oil absorption,’ by R., E. Weber, Kimberly- 
Clark Corp., Neenah, Wis. 

6. “The Effect of Mixing Intensity on the Dispersion of 
Coating Pigments in Water,” by N. Millman and J. B. 
Whitley, J. M. Huber Corp., Huber,-Ga. 


TUESDAY, MAY 24, 1960 


8:30 a.m. Registration (Passagio) 
9:00 a.m. Third Session (Ballroom) 


Panel Symposium—‘“‘Coating for Printing.” 


H. H. Lavery, International Paper Co., Corinth, N. Y,, 
Chairman 


Water W. Rogue, Kimberly-Clark Corp., Neenah, Wis., 
Moderator 


Graphic Art Panelists: 


“Coated Board Printing,’ by L. R. Ayers, Continental Can 
Corp., Inc., Robert Gair Paper Product Group, Elkhardt, 
Ind. 

“Offset Printing,’ Charles H. Borchers, Lithographic Techni- 
cal Foundation, Inc., Chicago, Il. 

“Rotogravure Printing,” Frederick W. Goetz, Publication 
Corp., New York, N. Y. 

“Rotogravure Printing,” Frederick W. Goetz, Publication 
Corp., New York, N. Y. 

“Letterpress Printing,’ Marvin C. Rogers, Chicago Paper 
Testing Laboratory, Chicago, Ill. 

Coating Panelists: 

“Letterpress and Rotogravure Printing,” Philip C. Evanoff, 
The Mead Corp., Chillicothe, Ohio. 

“Offset Printing,’ Alger P. Reynolds, 8. D. Warren Co., 
Cumberland Mills, Me. 

“Coated Board Printing,’ Willard I. Stinger, Marathon 
Div., American Can Co., Neenah, Wis. 


R. W. Hagemeyer, Wyan- 
dotte Chemicals Corp. 


The Dow 


Cc. W. Cairns, 
Chemical Co. 
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PAPER DIVISION 


DOMINION ENGINEERING 


COMPANY LIMITED 


Head Office & Works: LACHINE, QUE., CANADA—P.O. BOX 220, MONTREAL, QUE. 


Branch Offices: TORONTO « WINNIPEG * VANCOUVER 


PULP AND PAPER MAKING MACHINES AND COMPONENTS OF ALL TYPES 


Dominion Engineering designs and builds complete 
paper, pulp, board and specialty machines of all types, 
and components particularly suited for modernization 
and modification of existing machines, including 


DOMINION FOURDRINIERS are designed and built to mill require- 
ments: fixed or removable, shaking, which incorporate the patented 
Torsion Bar Suspension, or non-shaking, etc. Dominion Fourdriniers 
reduce wire changing time. Most important, complete designing and 
manufacturing control by Dominion Engineering means total respon- 
sibility and service to users of Dominion equipment, 
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Pressure Head Boxes—Fourdriniers—Couch and 
Press Sections—Suction Rolls—Dryers—Calenders— 
Reels—Winders and Rewinders—Mechanical Drives 
—Pulp Grinders—Electric Steam Generators. 


DOMINION WINDERS AND REWINDERS cover the full range from small low speed 
rewinders to the highest speed news machine winders. Designed to ensure maximum 
stability under all operating conditions, they incorporate automatic riding roll load 
control, readily adjustable slitters of either the shear cut or score cut type, a variety of 
paper unloading arrangements and special winder drum fluting to reduce noise. 


DOMINION PRESSURE HEADBOXES incorporate such advanced design features as: 
fully adjustable slice; parabolic cross-flow distributors and hydraulic rectifier roll drives. 
Dominion Pressure Headboxes are installed on many fine paper and newsprint machines to 
increase production and improve product quality. 


DOMINION SUCTION ROLLS benefit from many years of experience 
and development and incorporate such features as open ended design 
for accessibility combined with anti-friction bearings, floating suction 
box tops and drilling patterns designed to reduce noise level and shadow 
marking. The shells can be provided in all sizes in bronze or forged 
stainless steel, the latter permitting the high line pressures available 
from Dominion oil-hydraulic loaded press sections. 
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TUESDAY, MAY 24, 1960 
1:30 p.m. Plant trips 


A. Corn Products Co., Argo plant (Cook County), Chicago, 
Til. 

B. Rand McNally Co., Skokie, Ill. 

C. Trips are being arranged to letterpress and rotogravure 
printing plants. 


WEDNESDAY, MAY 25, 1960 


8:30 a.m. Registration (Passagio) 
9:00 a.m. Fourth Session (Ballroom) 


C. A. Ricuarpson, Blandin Paper Co., Grand Rapids, Minn. 
Chairman 


7. “Electrostatic Coating Process for Making Flat Gummed 
Paper,” by F. W. Holt and C. L. Lorenz, Brown Bridge 
Mills, Troy, Ohio, and R. B. Reif, Battelle Memorial 
Institute, Troy, Ohio- 

8. “Design and Operation of Pilot Plant Coaters,” by E. 
D. Jones, Crossett Paper Mills, Crossett, Ark., and 
N. H. Laughrey, Black-Clawson Co., Dilts Div., Fulton, 
NEY, 

9. ‘A Method to Determine the Degree of Web Rub Resist- 
ance,” by F. Ray Adams, Jr., International Paper Co., 
New York, N.Y. 

10. ‘Operating Variables of a Blade Coater,” by W. J. 
Follette and R. W. Fowells, Crown Zellerbach Corp., 
Camas, Wash. 

11. ‘The Champflex Coater,” by C. G. Whelpton, Champion 
Paper and Fibre Co., Hamilton, Ohio. 


WEDNESDAY, MAY 25, 1960 
12:30 p.m. Annual luncheon (Polynesian Village) 


R. W. Hacemeyer, Wyandotte Chemicals Corp., Wyandotte, 
Mich., Chairman 


Guest Speaker: Brrr Cremurs, Vice-President, Wyandotte 
Chemicals Corp. 


WEDNESDAY, MAY 25, 1960 
2:30 p.m. Fifth Session (Ballroom) 


J. T. Goopwin, Jr., Corn Ind. Res. Foundation, Inc., 
Washington 6, D. C., Chairman 


12. “A New Precision Technique for Measurement of Coat- 
ing Thickness,” by H. H. Murray, Georgia Kaolin Co., 
Elizabeth, N. J., and W. D. Johns, Washington Univer- 
sity, St. Louis, Mo. 

13. “A Laboratory Instrument for Measuring the Piling 
Propensity of Papers Used in Offset Lithography,” by 
Frank F. Oehme and Don C. Nepper, Consolidated 
Water Power and Paper Co., Wisconsin Rapids, Wis. 

14, ‘Pressure Cooking for Coating Color Preparation,” by 
W. C. Black and V. L. Winfrey, Penick and Ford, Ltd., 
Inc., Cedar Rapids, Iowa. 


Banquet Speaker 


The featured speaker at the Eleventh TAPPI Coating 
Conference will be Bert Cremers, vice-president and director, 
Wyandotte Chemicals Corp.; general manager, Michigan 
Alkali Div.; president, Wyandotte Chemicals International, 
Inc. 

Mr. Cremers has extensive experience in the sales, market- 
ing, and management fields. His business career began in 
1911 as a retail sales clerk. At various times in his life he 
was an apprentice printer; salesman for a real estate com- 
pany, wholesale paper company, and a soap company. In 
1927 he entered the chemical sales field. 

One of Mr. Cremers’ main interests is in the training and 
developing of executive manpower. He has written numer- 
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ous articles and conducted 
seminars on this subject. 
Many men trained under him 
hold important positions in 
the general management field. 

Mr. Cremers has numerous 
business affiliations including 
being a member of the Advi- 
sory Committee of the Chlo- 
rine Institute; a member of 
the Advisory Council of Detroit 
Sales Executives Club; a past 
trustee of the Glass Container 
Manufacturers Institute; a 
member of the Chemists’ 
Club; a member of the Manu- 
facturing Chemists’ Associa- 
tion, and the Economic Club 
of Detroit. 

In view of Mr. Cremers’ prominent position in the market- 
ing field, his talk which is keyed to this general area should be 
enlightening to all those in attendance at the luncheon on 
Wednesday, May 25, 1960. 


Bert Cremers, Wyandotte 
Chemicals Corp. 


Pulp Bleaching Conference 


The Pulp Bleaching Conference, sponsored by the Pulp 
Purification Committee of the Technical Association of the 
Pulp and Paper Industry, will be held June 14-16, 1960, at 
the Edgewater Beach Hotel. 

R. J. Auchter, Kimberly-Clark Corp., Neenah, Wis., tech- 
nical program chairman, has announced the program. 

The Pulp Bleaching Conference offers six technical sessions, 
16 technical papers, a technical panel and discussion sessions 
(as detailed below). 

The conference includes papers devoted to theoretical as- 
pects as well as those having immediate practical significance. 
The authors and moderators will be recognized as outstand- 
ing international experts in the field of pulp bleaching. 

Assisting Mr. Auchter in developing the technical program 
were J. F. Whalen, Combined Locks Paper Co., Combined 
Locks, Wis., and J. D. Wethern, Riegel Paper Corp., Acme, 
Nec: 

Ferdinand Kraft, Marathon Division of American Can 
Co., Menasha, Wis., is general chairman, and Herbert O. 
Teeple, of TAPPI, New York, is in charge of the general 
arrangements for this conference. 


TECHNICAL PROGRAM 


MONDAY, JUNE 13, 1960 


12:00 Noon-8:00 p.m. Registration (Foyer—Michigan 
Room) 
2:00 p.m. Pulp ‘Purification Committee 


(Balmoral Room) 
Overseas Visitors’ Reception (West 
Lounge) 


6:00 p.m.-7:30 p.m. 


TUESDAY, JUNE 14, 1960 


Authors’ Breakfast (Alcove—Char- 
terhouse Room) 

8:00 a.m.-4:00 p.m. Registration 
Room) 

Session I, F. Kraft, Moderator 


7:30 a.m. 
(Foyer—Michigan 
9:00 a.m. 


Opening Remarks—F. Kraft, Marathon Div., American’Can 
Co., Menasha, Wis., General Conference Chairman and 
Chairman, Pulp Purification Committee. 


1. “Theory of Optical Properties of Pulp,” by J. A. Van den 
Akker, The Institute of Paper Chemistry, Appleton, Wis. 
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What's the best way 
to bleach cold caustic pulp... 


‘POW ER or 


REEINER? 


Let Du Pont—the producer of both hydrogen peroxide 
and sodium peroxide—help you make this key decision 


ELECTROCHEMICALS DEPARTMENT, E. |. DU PONT DE NEMOURS & CO. (INC.), 


Tappi 


You may save thousands of dollars in capital 
investment and chemical cost if you make the 
right choice between bleaching in a refiner 
or in a tower. 


Du Pont has a thorough working knowledge 
of both systems and, as the producer of both 
sodium peroxide and hydrogen peroxide, can 
tell you which peroxide or combination of 
peroxides is best for you. 


Du Pont technical men will work with you 
and the equipment manufacturer of your 
choice to obtain the best peroxide bleaching 
process for your cold caustic pulp. They may 
recommend refiner bleaching requiring a small 
investment for peroxide solution make-up 
equipment with possible brightness increases 
. or if your operation 


of up to 20 points . . 


DU PONT PEROXIDES 


SOLOZONE® sodium peroxide e ALBONE® hydrogen peroxide 


for better bleaching of groundwood—sulfite kraft—cold soda 
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calls for it, they may recommend tower bleach- 
ing. When combined with Du Pont’s acidifi- 
cation process and a peroxide treatment, 
tower bleaching can increase brightness up 
to 35 points. 


Add Du Pont’s experience to your own, 
and you’re sure to make the right choice. Call 
your Du Pont representative; he will be glad 
to discuss any bleaching problem youmay have. 


MIDWEST AREA 

Call P. E. Kiefer, Chicago, Ill. + INdependence 3-7250 
WEST COAST AREA 

Call L. W. Blight, Portland, Ore. + CApitol 7-1281 
NEW YORK & BOSTON AREA 

Call C. R. Lombard, New York, N. Y. + LOngacre 
3-64.40 

SOUTHERN AREA 

Call R. W. Hammond, Charlotte, N. C. * FRanklin 
5-5561 


REG. V. S. PAT. OFF. 


QU PUNT 


BETTER THINGS FOR BETTER LIVING ... THROUGH CHEMISTRY 


WILMINGTON 98, DELAWARE 
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R. J. Auchter, Kimberly- 
Clark Corp. 


Ferdinand Kraft, Mara- 
thon Div., American Can 
0. 


2. “Optical Properties of Highly Bleached Pulps,” by J. H. 
E. Herbst, Industrial Cellulose Research Ltd., Hawkes- 
bury, Ont. 

3. “Brightness Reversion,” by I. H. Spinner, University of 
Toronto, Toronto, Ont. 

Discussion of these three papers. 


12:30 p.m. Luncheon (Polynesian Village*) 
2:00 p.m. Session II (Michigan Room) 


R. J. Srevens, Canadian International Paper Co., Montreal, 
Que., Moderator 


4. “Chlorination of Wood Pulp,” by C. Dence, State Uni- 
versity College of Forestry, Syracuse University, Syra- 
cuse, N. Y. 

5. “The Alkaline Extraction of Wood Pulp,” by M. Way- 
man, Sandwell International Ltd., Vancouver, B. C. 

6. “Hypochlorite Bleaching,” by J. M. McEwen, Weyer- 
haeuser Timber Co., Everett, Wash. 

Discussion of these three papers. 


Dinner—where you will. 
WEDNESDAY, JUNE 15, 1960 
7:30 a.m. Authors’ Breakfast (Alcove—Char- 


terhouse Room) 
8:00 a.m.-4:00 p.m. Registration (Foyer—Michigan) 
Room 
* Dining Room, Edgewater Beach Hotel. 


9:00 a.m. Session III (Michigan Room) 


F. Cascrant, P. H. Glatfelter Co., Spring Grove, Pa., 
Moderator 


7. “Peroxide Bleaching of Kraft Pulps,” by N. Hartler, 
The Central Laboratory of the Swedish Cellulose Indus- 
try, Swedish Forest Products Research Laboratory, 
Stockholm, Sweden. 

8. “Status and New Developments in Peroxide Bleaching 
of Pulps,” by F. L. Fennell, E. I. du Pont de Nemours & 
Co., Inc., Wilmington, Del. 

9. “Laboratory Studies on Bleaching New Zealand Pinus 
Radiata Kraft Pulp,” by G. A. Nicholls, New Zealand 
Forest Products, Ltd., Penrose, Auckland, New Zealand. 
Discussion of these three papers. 


12:30 p.m. Luncheon (Polynesian Village) 
2:00 p.m. Session IV (Michigan Room ) 


F. P. Doane, Bergstrom Paper Co., Neenah, Wis., Moderator 


10. ‘Studies on the Mechanism of Chlorine Dioxide Bleach- 
ing,” by K. V. Sarkanen, State University College of 
Forestry, Syracuse University, Syracuse, N. Y. 

11. “Chlorine Dioxide Bleaching,’ by W. H. Rapson, Uni- 
versity of Toronto, Toronto, Ont. 

12. “Some Aspects on the Bleaching of High Yield Chemical 
Pulps,’ by H. W. Giertz, The Technical University of 
Norway, Trondheim, Norway. 

Discussion of these three papers. 
Dinner—where you will. 


THURSDAY, JUNE 16, 1960 


7:30 a.m. Author’s Breakfast (Alcove— 
Charterhouse Room) 
8:00 a.m.-12:00 Noon Registration (Foyer— Michigan 


Room) 


9:00 a.m. Session V (Michigan Room) 


H. V. Bratxowsky, Weyerhaeuser Timber Co., Longview, 
Wash., Moderator 


13. ‘Materials of Construction for Modern Bleaching 
Systems,” by R. L. Allen, Jr., Eastern Engineering 
Co., Atlanta, Ga. 

14. “The Use of Reducing Agents,” by J. L. Keays, Mac- 
Millen, Bloedel and Powell River Ltd., Powell River, 
1B, (C 


TAPPI PULP BLEACHING CONFERENCE 


June 14-16, 1960 


Edgewater Beach Hotel, Chicago, Iil. 


If you are planning to attend the Pulp Bleaching Conference, it will be to your advantage to indicate your intention (if you 
haven’t already done so) by completing the form below and returning it promptly to H. O. Teeple, TAPPI 360 Lexington Ave., 


New York 17, N.Y. 


This information will help in ascertaining the probable attendance and thus assure a better preparation for accomodations and 


facilities. 


Name 


Position 


Company 


Address (in full) 


Will your wife be attending with you, yes ——, no ——? 


If you wish to make your hotel reservation, please send your request to 


TAPPI Pulp Bleaching Conference 
Fdgewater Beach Hotel 
Chicago 40, Ill. 


and state time and date of both arrival and departure. Confirmation of your reservation will be made directly to you by the hotel. 
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NOW- 


Nash Vacuum Pumps of one size, driven 
if desired, by a single motor, will handle 
all of the varied vacuum and capacity re- 
quirements of an entire Paper Machine. 


Designed by Nash especially for Paper Mill service, the new ities and vacuums required by the various functions of a paper 
soe vacuum pump has four separate suction inlets, each of machine. These may be varied at will. Great simplicity of op- 
vearen functions independently of the others. This offers the eration, and economy of maintenance results. The enclosed 
Bachine operator great flexibility, since these may be used discharge trench makes possible a comparatively silent in- 
in any desired combination to produce the variety of capac- stallation and permits easy and economical water recovery. 


How itis Done... 


Reading from left, 3 inlets from Pump No. 1 maintain 20” 
vacuum on the Pick Up. The 4th inlet of Pump No.1 and all 
four inlets of No. 2, with a capacity of 1’4 pumps, maintains 
15” vacuum on the Third Press. All four inlets of Pump No. 
3 maintain 20” vacuum on the Second Press, and similarly, 
all four inlets of Pump No. 4 handle the First Press, main- 
taining 20” vacuum. The Wringer Roll takes the full capacity 
of Pump No. 5, requiring 10” vacuum. The High Vacuum N A S a 

Couch Box takes a pump and a half, 4 inlets of Pump No. 6, 

and two inlets of Pump No. 7, maintaining 20’’ vacuum. The 

remaining two inlets of Pump No. 7 maintain 10” vacuum 

on the Low Vacuum Couch Box. Only one inlet of Pump E N G ; N F F R f N G C 0 M PA N Y 
No. 8 is required to handle the Felt Conditioners at 10” and 

the remaining three inlets of Pump No. 8 handily maintain 


10’. vacuum on the Wire Boxes. South Norwalk, Connecticut 


Tappi C April 1960 Vol. 43, No. 4 109 A 


15. “Effect of Bleaching on Papermaking Properties,” by 
M. H. Voelker, The Institute of Paper Chemistry, 
Appleton, Wis. 

16. “The Effects of Additives and Treatments on Bleached 
Pulps,” by R.H. Boehm, Kimberly-Clark Corp., Neenah, 
Wis. 

Discussion of these four papers. 


12:30 p.m. Luncheon (Polynesian Village) 
2:00 p.m. Session VI (Michigan Room) 


R. P. Wurrney, The Institute of Paper Chemistry, Appleton, 
Wis., Moderator 


Panel Discussion (theme to be announced). 

Panel Members: H. W. Giertz, N. Hartler, W. H. Rapson, 
R. J. Stevens, J. A. Van den Akker. 

Closing Remarks—F. Kraft. 


5:00 p.m. Adjournment 


Ninth Statistics Course 


The Ninth Pulp and Paper Statistics Course will be held 
Aug. 8-19, 1960, at Brevard College, Brevard, N. C., and will 
be jointly sponsored by the Institute of Statistics of North 
Carolina State College, the Technical Section of the Candian 
Pulp and Paper Association, and TAPPI. 

Two courses of instruction, one basic and one advanced, 
will be held concurrently during the 2-week period. 

The Elementary Course is intended for those people who 
wish to acquire some knowledge of, and facility with, the 
simpler but exceedingly valuable statistical techniques and 
who have had little or no previous formal training in statisti- 
cal methods. The training received from this course should 
prove profitable to organizations now making little or no use 
of statistical methods but wishing to know more about how 
they work and how to use them. It will also be profitable to 
organizations with statistical programs already operating 
who wish to strengthen their position by having additional 
men with statistical training available within their organi- 
zation. 

The Advanced Seminar is intended for people who have 
experience and definite facility in the use of statistical tech- 
niques and who wish to gain training and practice in special 
problems that arise in application. The course will consist 
of laboratory sessions devoted to the consideration of specific 
problems in the industry, and the practical analysis of these 
problems. 

Further information and application forms for the course 
may be obtained from the Institute of Statistics, North 
Carolina State College, Raleigh, N. C. 


Eleventh Testing Conference 


W. H. Aiken, Personal Products Corp., Milltown, N. J., 
general chairman of the Eleventh TAPPI Testing Conference, 
has announced that a high light of the conference will be a 
symposium on ‘“‘Relative Humidity and Paper Test Methods.”’ 

The conference will take place Sept. 27-29, 1960, at the 
Pantlind Hotel, Grand Rapids, Mich. 

T. W. Lashof, National Bureau of Standards, Washington, 
D. C., is chairman of the relative humidity symposium, and 
W. R. Willets, Titanium Pigment Corp., New York, N. Y., 
is general program chairman for the conference. 

The physical properties of paper change appreciably for 
quite small changes in relative humidity. Present standards 
for the testing of paper call for a conditioning and testing 
room to be controlled to 50 + 2% relative humidity and 23 + 
2°C. Some feel that even these narrow limits will result in 
significant variations in the measured properties of the paper. 

Because of the serious difficulties encountered in controlling 
and measuring the relative humidity of a test room to such 
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W. H. Aiken, Personal 
Products Corp. 


T. W. Lashof, National 
Bureau of Standards 


narrow limits as are now specified for paper, and the possi- 
bility that even narrower limits are required, ASTM Com- 
mittee D-6 on Paper and Paper Products and the TAPPI 
Testing Division are jointly sponsoring the symposium on 
this subject. 


The tentative program for the symposium is given below. 


W. E. Bennett, Research Physicist, and Miss D. M. Crook, 
British Paper & Board Industry Research Association: “Effect 
of Relative Humidity on Some Physical Properties of Paper.”’ 

Miss G. A. Bernier, group leader, Statistical Services, and W. E. 
Carlson, manager of Central Research, St. Regis Paper Co. 
“The Effect of Relative Humidity on the Stress-Strain Properties 
of Kraft Multiwall Paper.” ae 

W. Brecht, professor dr.-ing., Institut fiir Papierfabrikation, 
Technische Hochschule Darmstadt: ‘‘Reasons for 65% R.H. 
and 20°C., and Other Topics.” : 

Willmer A. Wink, chief, Paper Evaluation Section, The Insti- 
tute of Paper Chemistry: “‘Effect of Relative Humidity on the 
Evaluation of Paper Properties.” 

A. C. Poulter, B.Sc., Group Research Department, Research 
and Development Division, Albert E. Reed & Co., Ltd.: “‘Some 
Developments in the Measurement of Relative Humidity.” 

Arnold Wexler, research engineer in charge of Humidity 
Standards Laboratory, National Bureau of Standards: ‘“‘Stand- 
ards in the Measurement of Relative Humidity.” 

J. A. Cairns, The Printing, Packaging & Allied Trades Research 
oe “The Design and Control of Test Rooms and Small 

vens.’ 

L. L. Clapp, process and production development engineer, 
Technical Div., St. Regis Paper Co.: ‘‘A Conditioning Room in 
Which a Great Deal of In and Out Traffic Does Not Upset Condi- 
tions; a Rapid Conditioner.” 

Frank M. Gavan, chairman ASTM Committee E-1, Sub. 14, 
on Conditioning and Weathering, and Manager, Physical Test 
Department, Armstrong Cork Co. ‘‘The Constant Temperature 
Room as a Testing Facility: Its Design and Construction 
from a User’s Viewpoint.” 


Ample time is being provided for discussion of the papers 
and general discussion. Also manufacturers of relative 
humidity measuring and controlling equipment as well as 
those who have installed such equipment in paper test rooms 
will have representatives or exhibitors at the symposium. 


Reservations for sleeping accommodations should be made 
directly with the Panthind Hotel, Grand Rapids, Mich. 


Fifteenth Engineering Conference 


The TAPPI Fifteenth Engineering Conference will be held 
at the Robert Meyer Hotel, Jacksonville, Fla., on Oct. 23-27, 
1960. 

M. J. Osborne, Bowaters Southern Corp., Calhoun, Tenn., 
chairman of the Engineering Division is general conference 
chairman. V. P. Owens, Combustion Engineering, Inc., 
New York, N. Y., secretary of the Division is technical pro- 
gram chairman. 

J. B. Peebles, Jr., General Electric Co., Jacksonville, Fla., 
is chairman of the Local Arrangements Committee. His 
committee has been organized as follows: 
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These Exacting Tests Tell the Stayco Story 


Accurately demonstrate that Stayco® Starches improve pick resistance, 
surface sizing ... increase internal bond and strength. 


The I.G.T. printability tester closely approximates the tremendous 

pounding and demands today’s high-speed presses make on papers. Results of 
these tests cohsistently show Stayco Starches improve pick resistance . . . 
smoothness of printing surface . . . ink penetration rate and 

sheet strength, to meet these most rigid requirements. 


A.E. Boar. Saw MEG. Co. 


Decatur, Illinois 
ATLANTA +¢ BOSTON CHICAGO e« CLEVELAND « KANSAS CITY « NEW YORK e PHILADELPHIA « SAN FRANCISCO e ST. LOUIS 
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V. P. Owens, Combustion 
Engineering, Inc. 


M. J. Osborne, Bowaters 
Southern Paper Corp. 


Advisory: L. C. Crowder, St. Regis Paper Co., Jacksonville, 


Fla. 
Secretary: Mrs. Harold Collins, General Electric Co., Jackson- 


ville, Fla. 

Registration: C. W. Page, St. Regis Paper Co.; H. W. Evans, 
St. Revis Paper Co. 

Hotel Arrangements: J. E. Baber, T. C. Heyward Co., Char- 
lotte, N. C.; R. F. Sorenson, St. Regis Paper Co. 

Hospitality: A. J. Stockslajer, Reliance Electric and Engineer- 
ing Co., Jacksonville, Fla.; J.B. Chandler, John B. Chandler 
Co., Atlantic Beach, Fla.; P. L. Poland, General Electric 
Co.; J. T. Vincent, General Electric Supply Co., Jackson- 
ville, Fla.; A. McDowell, Allis Chalmers Mfg. Co., Jackson- 
ville, Fla.; D. Barnes, Westinghouse Electric Co., Jack- 
sonville, Fla.; W. Clements, Combustion Engineering 
Co., Jacksonville, Fla.; R. V. Pennington, Owens-Illinois 
Glass Co., Jacksonville, Fla. 

Printing: F. A. Adams, Owens-Illinois Glass Co. 

Publicity: R. E. Phillips, St. Regis Paper Co. 

Mill Tours: H. Westberry, Owens-Illinois Glass Co. 


Mrs. L. C. Crowder is Ladies’ Program chairman and Mrs. 
J. B. Peebles, Jr., is secretary. Other ladies’ program com- 
mittee members are Mesdames W. B. Hobbs, H. R. Emery, 
R. F. Sorenson, F. A. Adams, and J. E. Baber. 

The technical program of the conference will consist of 16 
sessions beginning on Monday morning, October 24, and 
continuing through Thursday, October 27. Tuesday after- 
noon, October 25, is open for those who wish to go on mill 
tours. A banquet will be held Wednesday evening. 

For those who wish to make their hotel reservations early 
may do so by writing to the following address: 


TAPPI 15th Engineering Conference 
Hotel Robert Meyer 
Jacksonville, Fla. 


and state the day and time of both arrival and deparature. 
Confirmation will be made by the hotel directly to the indi- 
vidual requesting the reservation. 


Fourteenth Alkaline Pulping Conference 


The 14th Alkaline Pulping Conference will be held Aug. 
22-24, 1960, at the Multnomah Hotel in Portland, Ore. 

D. Wetherhorn, Continental Can Co., Port Wentworth, 
Ga., chairman of the Alkaline Pulping Committee is general 
conference chairman. P.H. West, Thilmany Pulp and Paper 
Co., Kaukauna, Wis., vice-chairman of the Alkaline Pulping 
Committee’s portion of the program. P. J. Frost, Crown 
Zellerbach Corp., Camas, Wash., is technical program chair- 
man for the Sulfite Committee’s portion of the program. 

A. H. Wickett, Weyerhaeuser Timber Co., Longview, 
Wash., is local arrangements chairman and he is being assisted 
by K. M. Shold, Crown Zellerbach Corp., Port Townsend, 
Wash. 

There are to be four technical sessions, three of which will 
be on alkaline pulping and the fourth will be on sulfite pulping. 
In the past several alkaline pulping conferences, the Semi- 
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chemical Pulping Committee has been invited to participate 
by providing technical papers for one of the four sessions. 
This year, with the merger of the Semichemical Pulping Com- 
mittee and the Acid Pulping Committee forming the Sulfite 
Pulping Committee, it is this new committee which has been 
invited to participate. 

Early evidence points to the development of a very strong 
technical program by Messrs. West and Frost. 

Plans are underway to provide those attending the con- 
ference with excellent opportunities to visit some of the large 
pulp and paper mills in the vicinity of Portland. 


Sunday, October 23 


10:00 a.m. Local Arrangements (English Room) 
2:00-6:00 p.m. Committee Consultations (Essex Room) 
4:00 p.m. Process Instrument Steering (French 
Room) 
4:00 p.m. Electrical Steering (Spanish Room) 
4:00 p.m. Maintenance Steering (Oxford Room) 
1:00-8:00 p.m. Registration (Mezzanine) 
9:00 p.m. Div. Staff (Dover Room) 
Monday, October 24 
9:00 a.m. Session I—General (Windsor North) 
9:15 a.m. Session IJ]—Electrical (Windsor North) 
9:15 a.m. Session III—Chem. Engr. I (Process) 
(Windsor South) 
12:30 p.m. Luncheons 


Drying (Essex) 

Engr. Economics (Oxford) 
Maintenance Engr. (Dover) 
Mechanical Engr. (French) 


2:00 p.m. Session IV—Fluid Mechanics I (Windsor 

North) 
Session V—Chem. Engr. II (Operations 

Research) (Windsor South) 

6:00 p.m. Process Instrumentation (French Room) 
Tuesday, October 25 

9:00 a.m. Session VI—Drying I (High Velocity Air) 
(Windsor North) 

9:00 a.m. Session Vil—Maintenance (Windsor 
South) 

12:30 p.m. Luncheons 


Chemical Ener. (Essex) 
Civil Engr. (Oxford) 
Electrical (Dover) 

Fluid Mechanies (French) 


2:00 p.m. 
2:00 p.m. 


Mill Tours 
Sanitary Engineering Committee (Dover 
Room) 


J. B. Peebles, Jr. General 
Electric Co. 


D. Wetherhorn, Continen- 
tal Can Co. 
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3840 TONS PER DAY 


...MgO Plant 
On Line At 


Alaska Lumber 
& Pulp, Sitka 


With the start of the 340 
ton per day Alaska Lumber 
& Pulp Company plant, 
over 650,000 tons of pulp 
per year are being pro- 
duced by the MgO Process. 


This is the second* magnesia bi-sul- 
fite dissolving pulp mill in Alaska, 
and the largest industrial improve- 
ment since statehood. Utilizing the 
commercially-proved, closed cycle 
MgO Recovery Process, Sitka’s pre- 
dicted chemical usage is 20 lb of 
MgO and 50 lb of sulfur per ton of 
unbleached pulp. 

Two B&W recovery boilers, each 
designed to process 550,000 Ib of 
waste sulfite liquor solids per day, 
generate a combined total of 228,- 
000 Ib of steam per hour. Two B&W 
power boilers provide supplemental 
steam for power and process to 
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320,000 Ib per hour burning bark 
or oil singly or in combination. 

The MgO Process provides eco- 
nomical recovery of chemicals and 
heat from the waste sulfite liquors. 
In addition, air pollution and proc- 
ess odors are reduced to an absolute 
minimum. The Babcock & Wilcox 
Company, Boiler Division, Barber- 
ton, Ohio. 


THE BABCOCK & WILCOX COMPANY 
BOILER DIVISION 


*Sitka is the fifth MgO plant built in 
recent years in the continental U.S. 
Others are Weyerhaeuser Timber Com- 
pany, Longview, Washington; Ketchr- 
kan Pulp Company, Ketchikan, Alaska; 
Weyerhaeuser Timber Company, Cos- 
mo polis, Washington ; Brown Company, 
Berlin, New Hampshire. A sixth plant 
is on order for Hylite Bruks in Sweden. 
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P. J. Frost, Crown Zeller- 
bach Corp. 


P. H. West, Thilmany 
Pulp & Paper Co. 


Engr. Data Sheet (English Room) 


4:00 p.m. 
Wednesday October 26 
9:00 a.m. Session VIII—Mechanical Engr. (Windsor 
North) 
9:00 a.m. Session IX—Civil Engr. (Windsor South) 
9:00 a.m. Session X—Drying (Radiant Drying) (Es- 
sex, Dover, Oxford) 
12:30 p.m. Luncheons 


Steam & Power (Essex Room) 
Industria] Engr. (Dover Room) 
Corrosion (Spanish Room) 

Operations & Research (French Room) 


2:00 p.m. Session XI—Engr. Economics (Windsor 
North) 

2:00 p.m. Session XIJ—Sanitary (Essex, Dover) 

2:00 p.m. Session XIII—Fluid Mechanics II (Wind- 
sor South) 

6:00 p.m. Cocktail Hour (Mezzanine) 

7:00 p.m. Banquet (Windsor No. & So., Essex, 
Dover, Oxford) 

Thursday, Oct. 27 

9:00 a.m. Session XIV—Steam & Power (Windsor 
North) 

9:00 a.m. Session XV—Corrosion I (Windsor 
South) 

9:00 a.m. Session XVI—Industrial (Essex, Dover, 
Oxford) 

2:00 p.m. Session XVII—Process Instrumentation 
(Windsor North) 

2:00 p.m. Session XVIII—Corrosion II (Windsor 
South) 

6:00 p.m. Engr. Div. Staff Dinner (Essex, Dover) 


Ladies’ Headquarters, Sunday through 
Thursday Executive Suite (Room 502) 


U. S. Forest Products Laboratory 


The Golden Anniversary of the U. 8. Forest Products 
Laboratory, oldest research organization of its kind in the 
world, will be observed June 2-4 at Madison, Wis., where the 
trail-blazing institution was founded 50 years ago. 

Plans for the celebration, expected to bring hundreds of 
friends, ‘‘alumni,’’ and well-wishers to Madison, are rapidly 
taking final form, according to Director Edward G. Locke. 
The 3-day affair, he said, will be touched off with a banquet 
Thursday evening, June 2. At a general meeting of Labora- 
tory staff and guests Friday morning, key leaders in industry, 
government, and education will speak on various facets of 
research, past and future. And on Friday afternoon guests 
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will tour the Laboratory to view special exhibits and witness 
dedicatory ceremonies. 


All day Saturday, the Laboratory staff will hold open house 
for the public. ‘‘While Saturday isn’t a workday for us,” 
Director Locke explained, ‘‘we feel that more people will 
be free to visit with us on that day, and so our doors will be 
open to all who care to come.” 


The pioneer Laboratory was dedicated June 4, 1910, to a 
career of public service which, Dr. Locke pointed out, has 
yielded rich returns to both producers and consumers of a 
multitude of wood products. High among its achievments 
he listed such industrial advances as: 

1. New pulping processes for species once thought to be 
useless forest “‘weeds.”’ 

2. Basic production and engineering discoveries that 
helped launch the nation’s house-prefabrication and timber- 
laminating industries. 

3. Kiln drying and other wood seasoning processes that 
swiftly and safely remove excess sap from many millions of 
board feet of lumber annually. : 

4. Preservatives and processes used by industry to 
immunize huge quantities of wood against decay and fire. 

5. Packaging research that has greatly reduced shipping 
costs and losses during peace and war. 


Cooperative efforts of the University of Wisconsin and the 
Forest Service, U. 8S. Department of Agriculture, brought the 
Laboratory into existence. Forest Service research on wood 
had been going on for a few years under agreements with a 
number of universities from New England to California. 
But it had quickly* become obvious that better organization 
and closer contacts between workers were needed on the 
various projects. 

Proposals to build a laboratory for forest products research 
were turned down, however, by Congress. This led to a 
canvass of various universities by Forest Service officials, 
then headed by Chief Forester Gifford Pinchot. Several 
schools made concrete proposals of aid and cooperation. 
The best one came from President Charles Van Hise, conser- 
vation-minded president of the University of Wisconsin, 
whose Board of Regents authorized an offer that included a 
new building complete with heat and power. 


Construction of the building was begun in 1909, and during 
that year the Forest Service began pulling its research teams 
in to Madison from their various scattered locations. By 
the time the building was dedicated, about 45 scientists, 
engineers, and their helpers were on hand to staff the fledgling 
institution. 

“Tt was indeed a new kind of venture in scientific research,”’ 
points out Dr. Locke, “‘because the very concept was new and 
untried. Heretofore, scientific research had remained pretty 
well channeled in its traditional courses—physics, chemistry, 
botany, biology, and the other pure sciences. In this new 
laboratory they were all being brought together to contribute 


H. F. Weiss, 1912-1917 


McGarvey Cline, 1910-1912 
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How General Mills 


GUARTEC helps improve 


tensile strength of 
gummed Kraft ... 


yet maintains good tear strength! 


In allowing the use of long-fibered, fast draining pulp for in- 
creased Fourdrinier or cylinder machine speeds, GUARTEC 
actually has given such paper grades as: gummed Kraft, bag 
paper, wrapping paper, multi-wall and other Kraft specialties 
up to 10-15% greater tensile strength! 


Note: Every sack of GUARTEC carries 
this General Mills Products Control Seal. 
A composite sample of every lot is fully 
checked for dispersibility and quality 
standards. 


“Wherever paper is made—GUARTEC is 
making it better.’ And whatever your grade 
of paper or board, GUARTEC may help 
keep your quality high, your costs low. For 
complete technical details contact: 


SPECIAL COMMODITIES 
DIVISION 


PRODUCTS 


CONTROL 


QUALITY AND 
UNIFORMITY 
INSURED 


Seastel Minneapolis 26, 


Minnesota 


Mills 
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toward common problems aimed at broadening 
and improving the utility of wood.” 

Through the years, the founders’ organiza- 
tion concept of the Laboratory has been largely 
retained. Physicists, engineers, and mathema- 
ticians have combined skills on strength and 
construction research. Chemists have been em- 
ployed on research on the chemical nature of 
wood, and—working with chemical engineers, 
technologists, mathematicians, and pathologists 
—on pulp and paper research, preservation, fire 
prevention, adhesive bonding, and paints. For- 
esters pool talents with botanists and engineers 
to explore wood structure and growth under 
the microscope and in the woods. 

The new laboratory did not remain unique in 
the world for long. During the very first decade 
of its existence, spurred by the needs of a nation embroiled in a world war, 
it demonstrated its capabilities beyond anyone’s quibbling. 

When supplies of seasoned lumber grew short, a new kind of dry kiln was 
devised by Laboratory physicists to turn out lumber for cannon wheels, mili- 
tary barracks, and those new-fangled aeroplanes faster and better than ever 
before. 

When airplane designers asked for lighter, stronger wings and _ fuselages, 
Laboratory engineers came up with the revolutionary concept of ‘‘stressed- 
skin” construction. And to make it work, Laboratory chemists developed 
glues with the unheard-of resistance to water, to bond the plywood skins to the 
wooden frames. 

And thus it went. Whatever the problem, scientific teams combining skills 
of various traditional sciences pooled their know-how for answers. It rapidly 
became proved beyond doubt that many problems of wood research were com- 
mon to several branches of science. The physicist trying to remove water 
from wood and the chemist trying to put preservatives in were up against the 
same fundamental task of studying the movement of liquids and vapors through 
the microscopically small openings in wood structure. The engineer doing 
research on wood’s strength needed the help of the botanist schooled in wood 
structure and growth. And so on. 

Congress recognized the expanding importance of forest products research 
in 1930 by voting funds for a new and much larger building. Erected on 
land made available by the University, this building was opened in 1932. 

The rest of the world has not been slow, Dr. Locke pointed out, in recognizing 
the potential of this new type of scientific organization. Forest products lab- 
oratories, under one name or another, are now well established in many coun- 
tries around the world. A number operated by States, educational institutions, 
and private industry flourish in the United States. 

“T am happy to say,’’ Dr. Locke observed, “‘that nationwide and worldwide, 
we’re pretty much a closeknit research family. We of the Madison Lab. enjoy 
cordial relations with our fellow research workers in this country and abroad. 
And there have been some remarkable international instances of close collabor- 
ation on research problems to highlight the interchange of our findings.’ 

Among the thousands of visitors who come to the Laboratory annually for 
technical discussions and meetings are hundreds from abroad. In 1959, 294 
came from 49 foreign countries. 

Throughout its half-century history, the Laboratory has cooperated closely 
with industry groups. Staff members take 
numerous committee assignments in such organi- 
zations as the American Society for Testing 
Materials, the Forest Products Research Society, 
the Technical Association of the Pulp and Paper 
Association, the American Chemical Society, 
and the American Wood-Preservers’ Associ- 
ation. These organizations help disseminate 
results of the Laboratory research in the form 
of quality standards voluntarily adopted by 
industry, industry-devised grading rules for 
various wood products, and design and produc- 
tion requirements. 

Industrial concerns and associations also 
support special research projects at the Lab- 
oratory. Such work is accepted if generally G. M. Hunt, 1946-1951 


C. P. Winslow, 1917-1946 
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useful results are likely to be obtained. 

A parallel service is given other agencies 
of government. The Laboratory is the des- 
ignated authority for wood identification 
among federal agencies and furnishes this 
service free to the public. It works closely 
with such groups as the Army, Navy, and 
Air Force in drawing up specifications, hand- 
books, manuals, and the like as well as 
conducting research on Department of 
Defense problems through cooperative ar- 
rangements. 

The half-century span of the Laboratory’s 
existence, Dr. Locke remarked, has coincided 
with the world’s emergence from “the horse- 
and-buggy age into the age of rockets.” 
The Laboratory’s research program has been 
likewise transformed, contributing not only “better seasoned wood for 
wheelwrights but more dependable nitrocellulose propellants for space 
vehicles,’’ he emphasized. 


Special exhibits at the Golden Anniversary celebration are planned to 
demonstrate the progress of Laboratory research from its beginnings to 
the present. Examples of both fundamental and applied research will be 
illustrated. 


“While much of the Laboratory’s work,’ Dr. Locke observed, “has 
proved of great dollars-and-cents benefit to the nation, you cannot put 
a dollar sign on the true value of research. Fundamental explorations 
today chart the paths industry will follow tomorrow in bringing new or 
improved forest products to market. How can one put a money value 
on, say, a discovery shedding light on the true composition of lignin—a 
discovery that can affect wood utilization in so many different fields? 
Yet such discoveries are the legitimate goals of scientific research—and ulti- 
mately the most valuable ones.”’ 


J. A. Hall, 1951-1959 


One of the benefits that is is hoped will result from the June gathering, 
the director said, is a broad assessment and reappraisal of forest products 
research goals. 

“Scientists,” he commented, “are not in the habit of looking backward. 
An occasion such as this, though, gives us unusual reason to reflect upon 
what has been done and what needs doing. We are inviting our friends 
from other laboratories, from industry, and from the schools and colleges 
to join with us in such reflections and exchanges of viewpoints.” 

Dr. Locke, the Laboratory’s sixth director in its 50-year history, took 
office last year as successor to Dr. J. A. Hall. The Laboratory’s first 
director was McGarvey Cline, who was succeeded in 1912 by his assist- 
ant, Howard F. Weiss. In 1917 Carlile P. Winslow started by far the 
longest tenure in office, remaining until 1946. He was succeeded by George 
M. Hunt who moved up from the post of chief of the division of wood pres- 
ervation. Hunt retired in 1951, when Dr. Hall took over. 

Cline and Weiss have been credited with conceiving the idea of estab- 
lishing a forest products laboratory in cooperation with a university. 
The two Forest Service research: engineers won official support for the 
plan from Pinchot. When Cline went to Madison as the first director, 
Weiss went along as assistant director. 
Among others joining them there was Winslow. 
In 1913 Hunt came to the Laboratory from 
other research duties in the Forest Service. 

Indicative of the youthfulness of the men 
who launched the Laboratory and directed 
its course in its first half century is the 
fact that all ex-directors but one still 
live. Weiss died in 1940. Cline resides in 
Jacksonville, Fla., and Winslow in Wash- 
ington, D.C. Hunt, since his retirement, has 
spent most of his time in the Philip- 
pines, helping that young nation establish 
and operate} a forest products laboratory. 
Dr. Hall is a consultant to forest products 
E. G. Locke, 1959- manufacturers in Portland, Ore. 
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TAPPI 


NOTES 


Highlights of Executive Committee 
Minutes 


A petition for a local section charter from the Golden 
Gate District of the Pacific Section was unanimously 
approved by the Executive Committee and the Local 
Sections Operations Committee. The presentation cere- 
mony will be held in Berkeley on May 17, at the time of the 
Robert True Memorial meeting. 


The 1960 Association budget forecasts both income and 
expenses of slightly over $800,000. During 1959, TAPPI’s 
current income exceeded operating expenses for the first 
time in three years, owing largely to record levels of dues 
and advertising income. 


The Headquarters staff has been realigned with P. E. 
Nethercut named as Executive Secretary to direct all 
staff operations. R.G. Macdonald has been appointed 
Treasurer and Editorial Director. A. J. Winchester was 
selected as Technical Secretary to coordinate all techni- 
cal division activities, and J. W. Field was named Local 
Sections Assistant, with similar responsibilities for the 

. local sections and districts. 


TAPPI’s local section rebate policy has been delineated 
to permit all sections to receive rebates on same basis. 
Each local section is authorized to request a $2 rebate for 
each national member who receives some service from that 
section, provided the member’s rebate is not requested 
by another section having, in the opinion of the Executive 
Secretary, a more appropriate claim. 


Twenty-five years of TAPPI-sponsored research pro- 
grams have been completed this year. Since 1935 the 
Association has spent $522,000 on 142 committee projects. 
A special report on these programs will be prepared by the 
staff and J. L. Parsons, chairman of the Project Appropria- 
tions Committee, during this entire period. 


A 1960 APPA-TAPPI Research Conference has been 
scheduled, and a $3000 grant for this meeting was author- 
ized by the Executive Committee. Like previous con- 
ferences of this type it will bring chemistry and engi- 
neering professors together with paper industry technical 
leaders to discuss research problems of mutual interest. 


P. E. Nethercut R. G. Macdonald 
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Approval was given to a request from the Joint Career 
Guidance Committee for a TAPPI contribution of $1000 
to the Committee’s working fund. This Committee, 
composed of representatives from TAPPI, APPA, PIMA, 
NPA, and NPTA, will coordinate the recruiting activities 
of the various paper industry associations. 

Association services to corporate members will be 
expanded. All corporate members are to receive bound 
volumes of the Tappi Technical Sections each year, and 
incoming corporate members will receive a complete set 
of Standards, Data Sheets, Routine Control Methods, and 
the most recent TAPPI Bibliography during the first 
year of their memberships. 

An intensified member relations program will be inaugu- 
rated. The primary objectives of this program are recog- 
nition of the accomplishments of TAPPI members in 
Association activities, support of these activities by paper 
industry managements, and understanding of the As- 
sociation’s policies by its own members. The Association 
will have the services of Fuller, Miele, Inc., as outside 
counsel in these activities. 

The appointment of members to TAPPI special com- 
mittees has been made by President J. R. Lientz. Of 
these there are three committees whose chairmen are 
particularly anxious to receive appropriate suggestions 
from the Association’s membership. 

The first is the Membership Services Committee under 
the chairmanship of H. M. Annis, Oxford Paper Co., 
New York, N. Y. This committee will review present 
and proposed Association services to each class of TAPPI 
members and recommend whatever changes seem desirable. 

The Nominating Committee, with E. H. Olmstead, 
Eaton-Dikeman Co., Mt. Holly Springs, Pa., as chairman, 
will prepare a slate of candidates for the 1961 offices of 
President and Vice-President, and for the four new Execu- 
tive Committee members. 

The Awards Committee, led by P. S. Cade, Harding- 
Jones Co., Middletown, Ohio, will recommend candidates 
for the 1961 TAPPI Medal. 

Suggestions may be sent directly to the appropriate 
chairman or to the headquarters office for transmittal to 
the committee. 

Puitip E, NeTrHEercut 


A, J. Winchester 


J. W. Field 
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PERSONAL MENTION 


New TAPPI Members 


Jose B. Avarez M., General Director, Compania ‘“PRI- 
MUS” del Uruguay, 8. A. 

Clyde B. Anderson, Technical Assistant to Superintendent, 
Inland Empire Paper Co., Millwood, Wash., a 1949 graduate 
of University of Washington. 

Neil L. Anderson, Manager, Industry Sales Development, 
Acme Steel Co., Chicago, Ill. Attended Northwestern 
College. 

Aldo Barzaghi, Vice-President, S.p.A. Industrie Chimiche 
Barzaghi UFA, Milano, Italy. | 

Caetano Belliboni, Technical Director, Adams Do Brasil, 
8. A., Sao Paulo, Brazil, a 1944 graduate of Polytechnic 
Institute, Sao Paulo. 

Laurence P. Benedict, Coatings Sales Representative, The 
Dow Chemical Co., Boston, Mass., a 1950 graduate of Brown 
University. 

Lauren R. Berry, Process Engineer, Western Precipitation 
Div., Joy Manufacturing Co., Los Angeles, Calif., a 195 
graduate of the University of Missouri. 

Scott E. Berry, Senior Chemist, Robert Gair Div., Continen- 
tal Can Co., Haverhill, Mass., a 1957 graduate of North- 
eastern University. 

Peh Teik Bin, Chemist, Forest Research Institute, Kepong, 
Selangor, Malaya, a 1959 graduate of Northern Polytechnic 
Institute, London. 

Louis H. Bock, Manager, Research Div., Rayonier Canada 
Ltd., Vancouver, B. C., Canada, a 1928 graduate from Kansas 
State College with a Ph.D. degree in 1931 from University of 
Tllinois. 

Raymond W. Boyer, Chemist, Joseph Bancroft & Sons Co., 
Wilmington, Del., a 1953 graduate of University of Delaware. 

William D. Brand, Engineering Supervisor, Cutler-Ham- 
mer, Inc., Milwaukee, Wis., a 1947 graduate of Kenyon Col- 
lege. 
Herward Braunegg, Technical Service Director, Papierfabrik 
Scheufelen, Oberlenningen, Wurttemberg, Germany, a 1950 
graduate of Technical University. 

Emery Brugh, Paper Control, Time, Inc., New ‘Vor Noy: 

Henrik H. Bruun, Acting Professor, University Abo Aka- 
demi, Abo, Finland, 1954 graduate of Abo Akademi University 
with a Dr. of Technology degree. 

William M. Burr, Jr., Sales Representative, Dewey «& 
Almy Div., W. R. Grace Co., Cambridge, Mass., a 1952 
graduate of University of Missouri. 

A. D. Chaudhari, Director, West Coast Paper Mills, Ltd., 
Bombay, India, a 1923 graduate of Technical University, 
Altenburg, Germany. 

Kenneth M. Cherry, Vice-President, Manufacturing, Owens- 
Illinois, Mill Div., Toledo, Ohio, a 1924 graduate of West- 
minster College. 

John P. Clardy, Paper Technologist, Champion Paper and 
Fibre Co., Canton, N. C., a 1959 graduate of North Carolina 
State College. : 

John G. Coats, Jr., Staff Engineer, Paper Div., Bowaters 
Engineering and Development. Inc., Calhoun, Tenn., a 1944 
eraduate of Alabama Polytechnic Institute. 

Joseph C. Coulter, Technical Sales Service, Anheuser-Busch, 
Inc., St. Louis, Mo., a 1948 graduate of St. Louis University. 

Arthur T. Davies, Deputy Manager, Sudbrook Pulp Mill 
Ltd., Sudbrook, Chepstow, Monmouthshire, England, a 1949 
graduate of Liverpool University. 
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Charles R. Daving, Salesman, Hooker Chemical Corp., 
Niagara Falls, N. Y., a 1943 graduate of Capital University. 

Raymond L. Delaney, Technical Director, Simplex Paper 
Corp., Adrian, Mich., a 1952 graduate of University of To- 
ronto. 

Horacio Diaz Ch., Chemical Engineer, W. R. Grace Co., 
Paramonga Paper Mill, Paramonga, Peru, a 1948 graduate of 
Universidad Nec, Trujillo. 

Daniel S. Dialer, Senior Chemist, Air Reduction Co., Inc., 
Murray Hill, N. J., a 1938 graduate of Brooklyn College. 

Charles R. Dolecki, Jr., Quality Control Supervisor, 
The Hamersley Mfg. Co., Garfield, N. J., a 1959 graduate 
of Newark College of Engineering. 

Peter J. Eberth, Engineer, Fabrica Nacional De Papel 
Tissue, Ltd., Santiago, Chile, holder of National Certificate 
Mechanical Engineering, Liverpool, England. 

Joseph B. Farrell, Group Manager, Research and Develop- 
ment, American Machine and Foundry Co., Springdale, Conn., 
a 1943 graduate of Notre Dame College, with a Ph.D. degree 
in 1954 from Cornell University. 

Austin W. Fisher, Jr., Vice-President, Director of Research, 
Ludlow Papers, Inc., Needham Heights, Mass., a 1937 
eraduate of the University of Massachusetts. 

Joe B. Fleming, Jr., Market Research, Fleming & Sons, 
Inc., Dallas, Tex. 

John G. Frye, Salesman, Stoney-Mueller, Inc., Lyndhurst. 
N. J., a 1937 graduate of Lafayette College. 

D. Donald Gagliardi, Research Director, Gagliardi Re- 
search Corp., East Greenwich, R. I., a 1942 graduate of Yale 
University. 

Sidney W. Galloway, Vice-President, The Rust Engineering 
Co., Pittsburgh, Pa. Attended Carnegie Institute of Tech- 
nology. 

Ronald H. Gerstenberger, Pulp Mill Design Coordinator, 
Chas. T. Main, Inc., Boston, Mass. 

Charles C. Goodwin, Instructor of Chemical Engineering, 
University of Maine, Orono, Me., a 1958 graduate of Univer- 
sity of Maine. 

Douglas C. Grant, Salesman, Penick & Ford Ltd., Inc., New 
York, N. Y., a 1938 graduate of University of Maine. 

James M. Harper, Research Chemist, Albemarle Paper 
Manufacturing Co., Richmond, Va., a 1955 graduate of N. Y. 
State College of Forestry. 

John R. Haug, Project Manager, Jackson & Moreland, Inc., 
Boston, Mass., a 1940 graduate of U niversity of Pennsylvania. 

Robert L. High, Director of Research, Keever Starch Div., 
National Industrial Products Co., Columbus, Ohio, a 1949 
eraduate of University of Cincinnati. 

Harold T. Hixon, Technical Director, Chillicothe Paper Co., 
Chillicothe, Ohio, a 1936 graduate of Kenyon College. 

Don T. Ho, Librarian, Minnesota Mining & Mfg. Co., St. 
Paul, Minn. 

Kurt Hottenroth, Works Manager and Technical Advisor, 
Orient Paper Mills, Ltd., Calcutta, India, a 1936 graduate of 
University of Heidelberg with a Ph.D. degree. 

Nestor Iparraguirre T., Industrial Chemist, W. R. Grace 
Co., Paramonga, Peru, a 1943 graduate of Universidad Nec., 
San Marco. 

Hideo Ishioka, Chief of Technical Section, Daishowa Paper 
Mfg. Co., Ltd., Hokkaido, Japan. Attended Taga Technical 
College. 
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Joseph H. Kellner, Sales Representative, H. Waterbury & 
Sons Co., Oriskany, N. Y. 

H. E. Kirkland, Instrument Engineer, Bowaters Engi- 
neering and Development, Inc., Calhoun, Tenn., a 1954 
graduate of Alabama Polytechnic Institute. 

C.J. J. EH. Klep, Mechanical Engineer, Ned. Exportpapier- 
fabriek N. V., Nijmegen, Holland, a Mechanical Engineer 
graduate of 1957. 

Thomas M. Knight, Plant Engineer, Great Northern Paper 
Co., East Millinocket, Me. 

Osamu Koike, Industrial Machinery Section, Marubeni- 
lida Co., Ltd., Ohtemachi, Chiyoda-ku, Tokyo, Japan, a 
1949 graduate of Hosei University. 

Shigeru Kono, Chief of Engineering Dept., Daishow Paper 
Mfg. Co., Ltd., Shizuoka Pref., Japan. Attended Osaka 
Municipal Technical School. 


Charles R. Lammers, Manager, Industry Sales Develop- 
ment, Acme Steel Co., Chicago, Ill., a 1939 graduate of Uni- 
versity of Illinois. 

Nicholas J. Lardieri, Engineer, National Council for Stream 
Improvement, New York, N. Y., a 1949 graduate of Purdue 
University with a Ph.D. degree in 1953. 

Edward M. Lavery, Technical Sales Service, Anheuser- 
Busch, Inc., St. Louis, Mo., a 1950 graduate of Kent State 
University. 

Paul C. Lemmerman, Technical Service Representative, 
E. I. du Pont de Nemours & Co., Inc.. Cleveland, Ohio, a 1928 
graduate of Oberlin College. 

Fernando Lenz, Production Vice-President, Compania 
Manufacturera de Papeles y Cartones, 8. A., Santiago, Chile, 
a 1948 graduate of University of Chile. 


Leonard A. Livermore, Deputy Works 


Head Chemist, Lansil, Ltd., Lancaster, 
England, a 1952 graduate of Lancaster 
& MacCombe College. 


JETZONE LABORATORY DIV. 
A LEADER IN HIGH VELOCITY DRYING SINCE 1946 


THE PAPER 
INDUSTRY 
Determine The 
Best Coating 
and 
Method 


Serving 


CHEMICALS 
AND PLASTICS 
Determine The 

Bulk-Drying 

and Heating 

Conditions 


JETZONE 
LABORATORY 


WOLVERINE 
EQUIPMENT CO, 


Three Pilot Lines 


LINE 1 A Universal 3-Zone Conveyerized Oven — Interchangeable air projection plates 
above and below — Temperature 70-600° — Low and high velocity 400-10,000 
ft. per min. — 24” wide conveyor with wide range drive — All zones individually 
retractable from conveyor line — Steam injection for humidity control all zones 
— Zoned horizontally as well as vertically. 


Purpose: Drying and curing of wet material — Coated webs, coated objects, plastics, im- 
pregnated webs, etc. — Arranged for quick determinations on all products by the 
“Miniaturized” sample car method. 


Preceded by: Coater, impregnating tanks and squeeze rolls. 


LINE 2 [wo Zone Dryer, Heater or Cooler for Particulate Matter (pelletized material — 
chopped material — crystals). Works by aerating a bed of material on belt con- 
veyor — Velocity range 1000-10,000 ft. per min. — Temperature 45°-600° — 
Arranged for separation of fines — 12” wide belt conveyor. 


Purpose: Drying, heating, cooling of particles of material. 
Preceded by: Feeder or pelletizer. 


LaiNeE 3 Super Speed High Velocity 4-Zone Arch Dryer for Coated Web Material — Carries 
24” web on rolls or belt — Velocity 400-12,000 ft. per min. — Temperature 70- 
600°F — Proved drying capacity (clay latex) 2800 ft. per min. 


Purpose: Proving coatings and coating methods. 
Preceded by: Coaters by different manufacturers. 


Plus — Precision Batch Dryer — Basis Weight Scales, Thermocouples, 
Thermometer, Mixing Equipment, Efc. 


Write for terms and advance reservation. Please in- 
clude description of product and scope of investigation 
required. Clients are not expected to be customers of 
our other divisions. Reports and samples are the ex- 
clusive property of the client. 


KING THE OUT OF ORNS 
WOLVERINE 


EQUIPMENT COMPANY 
31 MAIN ST., CAMBRIDGE 42, MASS. 
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William C. Lowe, Research Librarian, 
Haloid Xerox, Inc., Rochester, N. Y. 


Giancarlo Lucchini, Manager, Indus- 
trial Engineering Dept., Ercole Marelli 
&C.S. p. A., Milano, Italy, a 1946 grad- 
uate of Politecnico of Milan. 


Emily C. Lumbard, Librarian, Hexcel 
Products, Inc., Berkeley, Calif. 

Lloyd R. McCoy, Manager, Sales- 
Service, Diamond Alkali Co., Cleveland, 
Ohio, a 1933 graduate of Muskingum 
College. 


Robert. L. McDowell, Research 
Chemist, Research & Development 
Div., American Viscose Corp., Marcus 
Hook, Pa., a 1943 graduate of St. 
Joseph’s College. 


John P. McGowan, Librarian, Frank- 
lin Institute, Philadelphia, Pa., a 1949 
graduate of Hunter College. 


William H. Mehaffey, Sales Manager, 
Hydraulic Machinery, Co., Ltd., Mont- 
real, Canada, a 1950 graduate of McGill 
University. 

Eston E. Melton, Jr., Process Engi- 
neer, Union Bag-Camp Paper Corp., 
Savannah, Ga., 1958 graduate of Uni- 
versity of Florida. 

Richard H. Miller, Base Development 
Supervisor, E. I. du Pont de Nemours 
& Co., Inc., Rochester, N. Y., a 1950 
graduate of Princeton University. 


John Mirza, Director of Chemical Re- 
search & Development, Miles Chemical 
Div., Miles Laboratories, Inc., Elkhart, 
Ind., a 1944 graduate of DePauw Uni- 
versity, with a Ph.D. degree in 1949. 


Bernard L. Mocquart, General Man- 
ager, Prochim 8. A., Douat, Nord, 
France. 


Otto Model, Assistant General Man- 
ager, Model A. G., Weinfelden, Switzer- 
land, a 1955 graduate of Handel Col- 
lege, St. Gallen. 


Reeve C. Morehouse, Supervising En- 
gineer, Bechtel Corp., San Francisco, 
Calif., a 1941 graduate of Massachus- 
sets Institute of Technology. 
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Henry T. Murphy, Librarian, Purdue University, Lafayette, 
Ind., a 1948 graduate of Boston University. 

Robert J. Murphy, Plant Manager, Continental Can Co., 
Teterboro, N. J., a 1949 graduate of Newark College of 
Engineering. 

Fortunato De Orbegoso, Production Superintendent, W. R. 
Grace & Co., Lima, Peru, a 1948 graduate of Universidad 
Nacional de la Libertad. 

Raymond F. Ostrander, Factory Manager, U. 8. Playing 
Card Co., Cincinnati, Ohio, a 1933 graduate of Pace College. 

Robert B. Otto, Service Representative, Hercules Powder Co., 
Milwaukee, Wis., a 1959 graduate of Michigan College of 
Mining & Technology. 

Anthony A. Pataky, Research Chemist, Central Research 
Div., Abitibi Power & Paper Co., Ltd., Sault Ste. Marie, 
Canada, a 1951 graduate of Technical University of Budapest. 

Charles D. Pauli, Manager, Quality Control, Commercial 
Solvents Corp., New York, N. Y., a 


Bruce D. Skofronick, Staff Chemist, Fox River Paper Corp., 
Appleton, Wis., a 1959 graduate of University of Wisconsin. 

Miroslav Slabina, Head, Paper Research Branch, Pulp 
and Paper Research Institute, Prague, Czechoslovakia, 
graduate of the Technical University of Prague. 

Robert C. Smith, Chemist, Columbia River Paper Mills 
Inc., Vancouver, Wash., a 1958 graduate of Oregon State 
College. 

Seth M. Snyder, District Manager, Babcock & Wilcox Co., 
Charlotte, N. C., a 1936 graduate of Ohio State University. 

Milton F. Stibal, Technical Trainee, Riegel Paper Corp., 
Milford, N. J., a 1959 graduate of Western Michigan Uni- 
versity. 

Andrew M. Swan, Assistant to the Vice-President, Rich- 
mond Pulp & Paper Co. of Canada, Ltd., Montreal, Que., 
Canada, a 1939 graduate of University of Manitoba. 


1938 graduate of Bradley University. 

John B. Peebles, Jr., Sales Engineer, 
General Electric Co., Jacksonville, Fla., 
a 1934 graduate of Emory University. 

Girard W. Phelps, Vice-President & 
Technical Director, United Clay Mines 
Corp., Trenton, N. J., a 1937 graduate 
of University of Alabama. 

Paul A. Plasse, Chemist, Arthur D. 
Little, Inc., Cambridge, Mass., a 1952 
graduate of Colby College. 

Brian W. Power, Vice-President, 
Manufacturing, The E. B. Eddy Co., 
Hull, P. Q., Canada. 

N. F. Prati, Plant Engineer, Barrett 
Div., Allied Chemical Corp., San An- 
tonio, Tex., a 1950 graduate of Syracuse 
University. 

Gordon U. Proctor, Associate Partner, 
Proctor & Redfern, Toronto, Canada, 
a 1947 graduate of the University of 
Alberta. 

John H. Prout, Salesman, Acme Steel 
Co., Chicago, Il]. Attended North- 
western College. 

Speed U. Reavis, Jr., Consultant, In- 
dustrial Consulting & Appraisal Co., 
Little Rock, Ark., a 1934 graduate of 
University of Arkansas. 

Leo R. Rift, Librarian, Southern [hi- 
nois University Library, Carbondale, 
Ill., a 1952 graduate of University of 
Denver. 

Richard R. Roberts, Chemical Engi- 
neer, Itek Corp., Boston, Mass., a 1939 
graduate of Tufts University. 

Paul M. Rooney, Head, Technology 
Dept., Buffalo & Erie County Public 
Library, Buffalo, N. Y., a 1940 gradu- 
ate of University of Buffalo. 

Waldo D. Rowviere, Application Engi- 
neer, B-I-F Industries, Inc., Providence, 
R. L., a 1926 graduate of Bryant College. 

Harry F. Schenk, Sales-Service Con- 
sultant, Magnus Metal Corp., Fitch- 
burg, Mass. “ 

Robert S. Schnaars, Paper Mill Engi- 
neer, Scott Paper Co., Chester, Pa., a 
1949 graduate of University of Michigan. 

John L. Sheard, Research Chemist, 
E. I. du Pont de Nemours & Co., Inc., 
Niagara Falls, N. Y., a 1945 graduate of 
Harvard University with a Ph.D. degree 
in 1953. 
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GILBERT:NASH ... 


C) APPLETON MACHINE COMPANY 


OPERATED 
feitand 
wire guide 


New ... Simple . . . Compact. 

Now operating on machines at speeds over 2,000 
fom, the Gilbert and Nash Air Guide reacts quickly 
with reliability and precision. 


Although entirely air operated, this new guide 
uses air only when a correction is made. 
What's more, ‘'swing roll’ effect or guide roll 
oscillation is completely eliminated. 


Guide roll is held stationary if air supply is 
interrupted . . . there are no springs to pull guide 
roll with possible damage or loss of wire or felt. 


Complete standardization of all guides can be 
easily accomplished because the same model air 
guide is used for wires, wet and dryer felts. 


We invite you to request for our representative to call. 


Manufactured and sold exclusively by — 


APPLETON *© WISCONSIN 
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John D. Sweeney, Quality Control Supervisor, Continental 
Can Co., Three Rivers, Mich. Attended Temple University. 

Richard H. Tait, Statistician, Champion Paper and Fibre 
Co., Canton, N. C., a 1952 graduate of North Carolina State 
College. 

Leban W. Trapp, Jr., General Manager, Houston Container 
Diy., St. Joe Paper Co., Houston, Texas. Attended Southern 
Methodist University. 

T. Tromp, Director, N. V. Papierfabriek ‘GHLDER- 
LAND,” Nijmegen, Netherlands, a 1925 graduate of Delft 
College. 

Llewellyn B. Tucker, Jr., Trainee, Crane & Co., Ine., 
Dalton, Mass., a 1954 graduate of New York State College 
of Forestry. 


Gianfranco Vastalegna, Technical Superintendent, Papelera 
Hurlingham S.A.I.C., Buenos Aires, Argentina, a 1951 
graduate of University of Milan. 

Simo Vuorilehto, Pulp Mill Superintendent, Enso-Gutzeit 
Osakeyhtio, Kaukopaa, Vuoksenniska, Finland, a 1955 
graduate of Technical University, Helsinki. 

Merle F. Ward, Project Engineer, Noralyn Paper Mills, 
Inc., Baton Rouge, La. Attended University of Houston. 

W. Dale Wegrich, Group Leader, Diamond Alkali Co., 
Peinesville, Ohio, a 1952 graduate of Baylor University. 

Shoichi Yamaguchi, Salesman, Toyo Kikai Kogyo Co., 
Ltd., Tokyo, Japan, a 1956 graduate of Yokohama City 


University. , 
Takeo Yamamoto, Laboratory Engineer, Fujikura Cable 
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Product quality sentinel...pH meas- 
urement with superior Beckman Refer- 
ence Electrodes. Whether it be for precise 
control of stock slurry, water treatment, 
bleaching...wherever water is involved... 
Beckman electrodes—with mounting ac- 
cessories and the reliable Model W pH 
Meter—give you maximum accuracy, mini- 
mum maintenance. % Beckman pH sales 
and service is the most extensive in North 
America...3 key inventory locations for 
parts...over 100 scientific apparatus dealers 
for electrodes...more than 300 branches 
of leading recorder companies for field 
engineering. Wherever you are, there’s 
a Beckman dealer near you. For more 
information, write for Data File 68-4-06. 


Beckman: 

Scientific and Process | Instruments Division 
Beckman Instruments, Inc. 
2500 Fullerton Road, 
Fullerton, California 


Works, Ltd., Tokyo, Japan, a 1948 
graduate of Kanazawa College. 

Giorgio Zanzi, Mill Manager, Cartiere 
Ambrogio Binda, Milano, Italy, a 
1938 graduate of Politecnico Institute, 
Milano. 


Appointments 


Herman L. Berg, formerly of Sveen- 
Pederson Sales Corp., is now Manager 
of Saveall Sales for E. D. Jones Corp., 
Pittsfield, Mass. 

Julian O. Boesinger of the Mead Corp. 
has been transferred from Sylva, N. C., 
to Cincinnati, Ohio, as Assistant Direc- 
tor of Board Sales Service. 

Sidney G. Briscoe, formerly of Pusey 
& Jones Corp., is now a Sales Engineer 
for John Inglis Co., Ltd., Toronto, 
Ont., Canada. 

William T. Butler, formerly of Bauer 
Bros. Co., is now President and Treas- 
urer of Gallowher Chemicals Canada, 
Ltd., Lachine, P. Q., Canada. 

John G. Casagrande, formerly of 
Sveen-Pederson Corp., is now a Sales 
Engineer for E. D. Jones Corp., Pitts- 
field, Mass. 

Richard F.. Cashen, Jr., is now Super- 
visor of Pulp Research for P. H. Glat- 
felter Co., Spring Grove, Pa. 

W. Paul Davenport, application engi- 
neer, Pulp and Paper Division, Bailey 
Meter Co. has been transferred from 
E. Orange, N. J., to New Orleans, La. 

C. George Eisener is now Quality 
Supervisor for Dryden Paper Co., Dry- 
den, Ont. 

William C. Gallagher is now Southern 
Paper Industry Sales Manager for A. E. 
Staley Mfg. Co., Charlotte, N.C. 

Robert E. Glavin, formerly of Arthur 
D. Little, Inc., is now a Chemist for 
Keelox Mfg. Co., Rochester, N. Y. 

Henry S. Godshall, Jr., formerly of 
Marinette Paper Co., is now with Com- 
pania Industrial de San Cristobal S/A, 
Mexico, D. F., Mex. 

Karl M. Guest is now Manager of 
Kraft Pulp and Paper Manufacture for 
the Brown Co., Berlin, N. H. 

Robert G. Guide, formerly of the U. S. 
Air Force, is now a Chief Project Engi- 
neer for Longview Fibre Co., Longview, 
Wash. 

Robert F. Hoban of Sandoz, Inc. has 
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been transferred from Cincinnati, Ohio, to New York, N. Y., 
as a Chemist. 

Robert A. Jederkin, formerly of Keuffel & Esser Co., is 
now in Technical Sales for the American Writing Paper Co., 
Holyoke, Mass. 

Donald E. Johnson, formerly of Superior Paper Products 
Co., is now a Group Leader in the Research & Development 
Department of St. Regis Paper Co., Deferiet, N. Y. 

Rudolf L. Kutter is now Export Sales Manager for Beloit 
Iron Works, Beloit, Wis. 

Keith E. Lachance, formerly of E. B. Eddy Co., is now 
Production Manager for Island Paper Mills, Annacis Island, 
New Westminster, B. C., Canada. 

George Lambe, formerly of Gardner Board & Carton Co., 
is now a Research Chemist for P. H. Glatfelter Co., Spring 
Grove, Pa. 

John Lewis, formerly Head of Paper Engineering Dept., 
Lowell Technological. Institute, is now 


T. C. Warren has succeeded G. Meerberger as the official 
corporate representative of the International Paper Co., 
New York, N. Y., in the Technical Association. 

Pietro Molla has succeeded Aldo Corvaja as the official 


corporate representative of Cartiera Saffa, Milan, Italy, in 
IDAPPI: 


* * * 


J. E. Goetz has succeeded P. F. Holstein as the official 
representative of Westinghouse Electric Corp., E. Pittsburgh, 
Ra, an CAPRI 

T. A. Fearnside has succeeded Fred W. Argue as the official 
representative of Stone & Webster Engineering Co., Boston, 
Mass., in the Technical Association. 

F. G. Stuller has succeeded J. W. Snavely as the official 
representative of Chain Belt Co., Milwaukee, Wis., in 
TAPPI. 


Technical Director of Pulp & Paper 
Research Center, Inc., Lawrence, Mass. 

Sheridan J. McNamara, formerly of 
West Virginia Pulp & Paper Co., is now 
Senior Research Engineer for Huyck 
Felt Co., Rensselaer, N. Y. 

Frederick R. Meyers, formerly of 
Sveen-Pederson Sales Corp., is now 
Sveen-Pederson Product Engineer for 
E. D. Jones Corp., Pittsfield, Mass. 

Jack A. Perry, formerly of Weyer- 
haeuser Timber Co., is now a Sales and 
Application Engineer for the Dilts 
Machine Division, Black-Clawson Co., 
Fulton, N. Y. 

James C. Rankin is now National 
Accounts Manager for the Chemicals- 
Pigments-Metals Division of the Glid- 
den Co., Cleveland, Ohio. 

John C. Redd is now Director of 
Research and Development for the 
Mead Corp., Chillicothe, Ohio. 

Howard J. Richardson, Sales Engi- 
neer of the Monsanto Chemical Co., 
has been transferred from St. Louis, 
Mo., to Mobile, Ala. 

Rudolph C. Richter, formerly of Mara- 
thon Corp., is now Sulfate Pulp Mill 
Superintendent of the Tasman Pulp & 
Paper Co., Ltd., Lawerau, New Zealand. 

Andrew J. Stiles, Jr., formerly of 
National Container Corp., is now 
Superintendent of Mead Containers, 
Atlanta, Ga. 

LeRoy P. Wahl, formerly of Archer 
Daniels Midland Co., is now Research 
Chemist for General Mills, Inc., Minne- 
apolis, Minn. 

Clarence E. Winchell, Jr., formerly of 
the Glidden Co., is now Midwest Sales 
Manager for Moore & Munger, New 
York, N. Y. 

Vernon Woodside of Olin Mathieson 
Co. has been transferred from New 
Orleans, La., to Baltimore, Md., as 
Manager of Heavy Chemicals Sales De- 
velopment. : 

Ralph V. Zepp is now Resident Man- 
ager of Rayonier, Inc., Jesup, Ga. 

Aner 8 


Francis O. Boylon has succeeded A. B. 
Layton as the official corporate represent- 
ative of the Crown Zellerbach Corp., 
San Francisco, Calif., in TAPPI. 
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Perth Amboy, N. J. 
Baltimore 3, Md. 
Cincinnati 38, Ohio 


BITUMULS® Emulsified Asphalts « CHEVRON®) Paving Asphalts 
LAYKOLD® Asphalt Specialties « PETROLASTIC® Industrial Asphalts 


For Your “Hard-Size” Grades 
..- Solid or Corrugated... 


BITUSIZE “B”’ 


Call our nearest office 
for full information 


American Bitumuls 
& Asphalt Company 


320 Market St., San Francisco 20, Calif. 
Atlanta 8, Ga. Portland 8, Ore. 
Mobile, Ala. Oakland 1, Calif. 
St. Louis 17, Mo. Inglewood, Calif. 
Tucson, Ariz. San Juan 23, P.R. 
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INDUSTRY NOTES 
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North American 


Statistics 


Pulp, Paper, and Board: Summary for 1959* 


Paper and board production in the United States during 
1959, amounting to 34,051 thousand tons, was 11% above the 
level of both 1958 and 1957. Similarly, wood pulp produc- 
tion, at 24,257 thousand tons, was 11% greater than in 1958. 
Comparable production figures for 1958 for paper and board 
and for wood pulp were 30,811 and 21,796 thousand tons, 
respectively. 

Paper production totaled 14,923 thousand tons compared to 
the 1958 output of 13,525 thousand tons. Paperboard pro- 
duction in 1959 amounted to 15,704 thousand tons, as com- 
pared to 14,133 thousand tons in 1958. With the exception 
of special paperboard stock and construction paper, produc- 
tion of all other major grades of paper and paperboard in- 
creased in 1959 over 1958, ranging from 16% for special in- 
dustrial paper to 7% for sanitary tissue stock. 

Wood pulp production also showed an increase of 11% over 
1958, the range being from 18% for semichemicals to 7% for 
unbleached sulfate. 

The consumption of wood pulp, including that consumed 
for other than paper and board manufacturing, was 25,157 
thousand tons and consumption of fibrous materials other 
than wood pulp amounted to 10,210 thousand tons. Pulp- 
wood consumption amounted to 38,943 thousand cords, 
roughwood basis. 

These preliminary 1959 figures are the result of a summation 
of the monthly reports on Form M26A, ‘Pulp, Paper, and 
Board (Monthly Report)” and Form M26E, ‘Monthly 
Report of Consumers of Wood Pulp (Other than Paper and 
Board Manufacturers).’’ The statistics represent practically 
complete coverage of the operations of all known wood pulp, 
paper, and board mills in the United States, including Alaska. 
Final and more detailed figures for 1959 will be published in a 
summary report at a later date. 


Overseas 


Russia 


Soviet Patent Practice 


Relatively little is known in the West of Soviet patent law 
and practice. Besides language difficulties, perhaps the main 
reason for our ignorance is that the U.S.S.R. has never be- 
longed to the International Convention for the Protection of 
Industrial Property. Since its establishment in 1883, the 
International Convention has drawn into its membership all 
the leading industrial nations except Russia and China. 
The principal industrial countries in the Soviet block, Bul- 
garia, Czechoslovakia, Hungary, Poland, and Rumania have 
remained in the Convention and still adhere to it. East 
Germany too purports to belong to the convention though 
she is not recognized in the West as having sovereign status. 

Although it does not provide for international patents, the 
Convention does bind each member country to give legal pro- 
tection to the nationals of other member countries on terms 
equal to those offered to its own nationals. The Convention 


ese Industry, U. 8. Dept. of Commerce, Bur. of Census, Series 
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also enables an applicant for a patent in one member country 
to wait for one year before applying for a patent for the same 
invention in another member country. According to the 
Soviet Invention Law, promulgated on May 1, 1959, foreigners 
are given rights equal with Soviet citizens on the basis of 
reciprocity. 

The Soviet idea of a patent is similar to that of the West. 
Under Soviet law, an inventor may exploit his invention for 
15 years after which anyone is free to use it. Although 
patents are still granted in the U.S.S.R., since 1931 an alter- 
native much more congenial to the Soviet economic system 
has been available to the Soviet inventor. In that year, along- 
side the existing patent system the certificate of authorship 
was introduced. The Soviet inventor is still free to choose 
between a certificate or a patent, but he is given every 
encouragement to apply for a certificate. This document 
carries with it a substantial financial remuneration, extra 
vacations with pay, a favorable mark in the inventor’s labor 
record, and the procedure costs him less. 

Under the 1959 law a certificate holder is entitled to a gold 
medal and is raised to the dignity of “Meritorious Inventor of 
the U.S.8.R.” This scheme has proved to be very successful ; 
the Soviet Committee for Inventions and Discoveries reviews 
about 1.5 million applications a year. 

Certificates of authorship and Soviet patents are printed in 
the same form and issued in a single numerical series. But a 
certificate holder has no control over his invention which is the 
exclusive property of the state. Despite the tenuous hold an 
inventor has on his invention, this system has spread to the 
satellites and to the Chinese Prople’s Republic. In East Ger- 
many, the industrial patent has been offered as an alternative 
to the exclusive patent. Such a patent is cheaper to obtain 
but, since anyone may obtain a license to use the invention, 
the patent owner has very limited rights. 

There are no independent patent agents in the U.S.S.R. and 
foreign applicants must use the services of the Patent Bureau 
of the All-Union Chamber of Commerce in Moscow. The 
equivalent organization to our Patent Office is the Committee 
for Inventions and Discoveries in the Council of Ministers of 
the U.S.S.R. This committee is responsible for promoting 
and directing all inventions and discoveries and a Soviet 
Citizen may apply for a foreign patent only with its permis- 
sion. 

Before a patent is granted it is very strictly examined for 
novelty. The Committee for Inventions and Discoveries, 
which may be assisted by Soviet Technical Ministries, make a 
thorough search of the technical literature. If the ideas for 
which a patent is applied have been previously published else- 
where, the application is rejected. Once a patent is granted, 
the patentee can prevent others from using his invention for 
manufacturing a product and also prevent the importation of 
such products. 

At the moment China will not allow foreigners to apply for 
patent protection unless they are resident in the People’s 
Republic. 


Switzerland 


On January 15, in Zurich, Switzerland, representatives from 
Austria, Denmark, France, Germany, Great Britain, Holland, 
Italy, Sweden, and Switzerland founded the European Organi- 
zation of Manufacturers of Transport Cases in Solid Fibre- 
board. The purpose of this organization is to represent and 
safeguard the common interests of the members on an inter- 
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national basis. The annual turnover of this industry in 
Europe far exceeds the sum of one milliard Swiss francs. 
The office of the organization is with FIDES Union Fiduciaire, 
31, Bahnhofstrasse, Zurich. 


Paper Manufacturers and Converters 
Atlantic Gummed Paper Corp 
Appointment 


Jerome J. Kipnees has been appointed vice-president in 
charge of package engineering at Atlantic Gummed Paper 
Corp., 1 Main St., Brooklyn, N. Y. Atlantic is one of the 
country’s leading producers of gummed tapes for industrial 
and commercial sealing, packaging, and shipping; the firm is 
a pioneer in memforenp paper with glass fiber. 

Mr. Kipnees is well known in the packaging field. He is a 
member of the Packaging Institute, past chairman of its 
Corrugated Box Committee, in which he now functions as a 
member of its Steering Committee and Design, Development 
and Specifications Subcommittee. 

He is a member of the ASTM and serves on its D-6 and 
D-10 committees; he is also on the Container Testing Com- 
mittee of TAPPI. 


Beloit Iron Works 
Appointment 


Rudi L. Kutter has been appointed as Beloit’s Export 
Sales Manager. 

Rudi Kutter is well known to the world’s paper industry 
through his 30 years’ association in the machinery building 
field. It was pointed out that Mr. Kutter’s appointment as 
Export Sales Manager will bring even closer cooperation be- 
tween Beloit, its affiliates and licensees throughout the world 
as well as increased service benefits to Beloit customers. 


Bowaters Southern Paper Corp. 
June Startup for Catawba Plant 


Production of smooth-on-both-sides hardboard at the new 
$7 million plant of Bowater Board Co, Catawba, 8. C., is 
scheduled to get under way early in June. 

The plant has been designed to produce 160 million sq. ft. of 
hardboard a year. 


Brown Co. 


Appointment 


Promotion of Karl M. Guest of Gorham, N. H., to the new 
position of manager, kraft pulp and paper manufacturing at 


Brown Co. has been announced by Edward H. Petrick, vice- 
president and general manager-paper division, of the northern 
New England pulp, paper, and forest products firm. 


SaaS 


R. L. Kutter, Beloit Iron 
Works 


Karl M. Guest, Brown Co. 


America's leading 
Manufacturer & Distributor 
of Physical 
Testing Machines 


Write for data concerning all your testing equipment needs. 


TENSILE-STRETCH ‘ 
WET STRENGTH 5 Z 


geen of the 
1,079 testers 
available from TMI 


COMPRESSION-TENSION 
FLEXURE-SHEAR 


PRECISION THICKNESS 
‘(Motorized Measurement) 


_ BEACH PUNCTURE 


\ELMENDORF . 
‘(Tear-Torsion- -Toughness) 


Aw 


The finest Test Equipment 


TESTING MACHINES INC. ALL Indust 


72 Jericho Turnpike Mineola, L. (or 


Tappi April 1960 Vol. 43, No. 4 


New York 
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INSTRUMENT for Testing smoothness 


porosity 
softness 


Simply interchanging the 
lower test plates of the 
Gurley-Hill S-P-S Tester 
converts this instrument for 
testing smoothness, porosity 
or softness of any printing 
and most industrial papers. 
Meets TAPPI and ASTM 
‘Suggested Method for 
Determining Smoothness,” 
as well as standard methods 
for finding air resistance 

or porosity. 


Write for Bulletin 1400, 
describing complete line of 
Gurley paper testers. 


W. &L. E. Gurley, Station Plaza 
and Fulton Streets, Troy, N. Y. 
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Delivers 


GUARANTEED the finest 
PERFORMANCE in knife 

Edges and 
Capacity: 32” to 108” high production 
Wheels: 10” to 14” Dia. at low cost 


Table Drive — Timing Belt 
with Elec. Reversing Motor 


Motor — 3 H.P. 


DEALER 
INQUIRIES 
INVITED 


HEAVY DUTY 


Capacity: 32” to 196” 
Wheels: 14”—16”—20” Dia. 
Motors: 3 to 15 Horsepower 
Table Drives: Mechanical—Electric—Hydraulic 
Precision Built—accurate—rugged and quiet 


HANCHETT MANUFACTURING CO. 


Main Office: West Coast: 
BIG RAPIDS, MICHIGAN PORTLAND 1, OREGON 


126A 


Mr. Guest will be responsible for all operations of Brown’s 
kraft pulp mill and bleachery and would exercise general 
supervision over the cascade paper mill in nearby Gorham 
and Riverside paper mill in Berlin, both of which are supplied 
with pulp from the kraft mill via pipelines. He will report 
directly to Mr. Petrick. 


Chase Bag Co. 


New Headbox on Fourdrinier 


As part of an expansion and improvement program, 
Chase has installed a new headbox on the fourdrinier paper 
machine at their Chagrin Falls, Ohio, paper mill. The head- 
box was manufactured by Valley Iron Works Co. at a cost 
of $80,000 before installation. Other new equipment in- 
cludes an improved automatic rewind reel on one of the larger 
paper machines. The reel was manufactured by Beloit 
Tron Works at a cost of $35,000. 


The new headbox, Chagrin Falls, Ohio 


The headbox was specially designed by Valley Iron Works 
with refinements in the furnish distribution system to greatly 
improve uniformity of flow and permit higher speeds. Pro- 
visions have been made to include a pressure head on the 
headbox to increase even more the speed and efficiency of 
operation. 

The Chase Paper Mill specializes in the manufacture of 
papers used in many industrial markets. Among these, 
kraft for spinning and twisting paper yarn is important. 
Paper for steel interleaving, for steel wrap and in food proc- 
essing are others in Chase’s broad industrial line. Chase 
specializes in custom requirements and maintains an engi- 
neering staff to help customers develop special papers for 
specific end uses. 


Crossett Co. 


Bleached Leatherneck Papers 


Crossett Paper Mills is now producing full bleached 
Leatherneck kraft papers. 

Crossett Paper Mills is now stocking standard sizes of 
bleached Leatherneck Butchers for merchant customers, 
and is offering full bleached wrapping paper in machine trim 
runs. The new full bleached Leatherneck converting papers 
are offered in a variety of grades, including garment bag, 
variety bag, and standard converting. 


Bleached Food Board Coating 

Crossett Paper Mills has announced that it will install 
equipment for the application of clay and other types of 
coating to bleached food board. 
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R. E. Flowerree, Jr., Geor- 
gia-Pacific Paper Corp. 


Albert G. Naudain, Geor- 
; gta-Pacific Paper Corp. 


Installation of the machinery at a cost of $1,500,000, will 
probably begin in the spring and be completed by the middle 
of the year. , 


Crown Zellerbach Corp. 


Appointments 


William E. Parkinson, resident manager of C.Z.’s Carthage 
paper mill, has been appointed assistant manager of the St. 
Francisville Paper Co. mill in Louisiana. 

Succeeding Mr. Parkinson as Carthage resident manager 
is Thomas I. Meehan, who has been assistant resident man- 
ager of the mill since January, 1955. 


General Box Co. 


Corrugated Sheet Plant for Meridian 
A corrugated sheet plant is to be added to the company’s 


present facilities at Meridian, Miss. Operations are expected 
to begin in the fully equipped plant on approximately April 
15, 1960. The plant will be under the overall management 
of Mr. C. E. Keene, general manager of the company’s 
Meridian operation. 


Georgia-Pacific Corp. 


Juneau Pulp Mill 


Georgia-Pacific Alaska Co. 
has made substantial expendi- 
tures in connection with the 
proposed Juneau Unit pulp 
mill enterprise. A mill site of 
approximately 75 acres of 
Douglas Island has been pur- 
chased and a complete 500-ton 
per-day mill has been designed. 
Water surveys, including water 
supply and effluent disposal, 
have been completed; plans 
for logging the 7!/2 billion 
board foot timber unit have 
been under way for some time, 
and market and power surveys 
are under way. 


William J. Shelton 


Appointments 


R. E. Flowerree, Jr., will become president and chief 
executive officer of Georgia-Pacific Paper Co., wholly- 
owned subsidiary of Georgia-Pacific Corp., on April 1. 
H. Stuart Daniels, now president of the paper subsidiary, 
will assume the new post of chairman of the board of Georgia- 
Pacific Paper Co. on the same date. 
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STONE & WEBSTER 


Engineers for 
the Paper Industry... 
Wherever paper companies require 


engineering assistance, Stone & Webster 
can offer years of successful experience 


in serving the industry. Write or call 
us to find how we can be of profitable 
help to your company. 
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STONE & WEBSTER 
ENGINEERING CORPORATION 


A Subsidiary of Stone & Webster; Inc. 
New York Boston Chicago Pittsburgh Houston 
San Francisco Los Angeles . Seattle Toronto 
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This mill has used silica sol (made from N sodium 
silicate) for fifteen years to retain fines and clay on 
the wire. Here are the benefits which they obtain. 


1. A uniformly smooth and ‘closed’ sheet: thus, 


producing a better printing surface. 


2. More fines and clay retained on the wire, which re- 
duces solid contents of white water. 


The application of silica sol is completely auto- 
matic and provides continuous even flow of mater- 
ial to the paper machines. 

These quality and economy advantages of sodium 
silicate can be obtained in your operations. It will 
pay you to know more about head-box additions. 


Send for free bulletin #6-1. 


| PHILADELPHIA QUARTZ CO. 


1141 Public Ledger Bldg., Philadelphia 6, Pa. 


PQ SOLUBLE SILICATES 


Associates: Philadelphia Quartz Co. of Calif. 
Berkeley & Los Angeles, Calif.; Tacoma, Wash.; 
National Silicates Limited, Toronto & Valleyfield, 
Canada. Trademarks Reg. U.S. Pat. Off. 


PQ PLANTS: ANDERSON, IND.; BALTIMORE, MD.; BUFFALO, N.Y.; CHESTER, PA.; JEF- 
FERSONVILLE, IND.; KANSAS CITY, KANS.; RAHWAY, N.J.; ST. LOUIS, MO.; UTICA, ILL. 
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Henry G. Caldwell, The 
Mead Corp. 


John C. Redd, The Mead 
Corp. 


Full responsibility for sales of the paper company will be 
assumed by Albert G. Naudain, vice-president of the paper 
subsidiary who has been serving as assistant to H. Stuart 
Daniels in charge of sales. 


The Mead Corp. 


Appointments 


Organizational changes made at the Mead Research Center, 
Chillicothe, Ohio, have resulted in the promotion of three 
men to positions of greater responsibility. 

John C. Redd has been named director, research and de- 
velopment; Henry G. Caldwell has been appointed director 
of corporate technical service; and Charles H. Schneider is 
the new research administrator. 

Ellsworth H. Shriver has been named assistant director of 
product planning. 

Charles W. Schneiderhan has been named assistant diree- 
tor of market research for The Mead Corp. 


Mosinee Paper Mills Co. 


Appointments 


Mosinee Paper Mills has created three new positions on its 
sales staff and has promoted three men from within the 
organization to fill them. 

Donald E. Allen is now manager of market development, 
and F., P. Stone has been elevated to one of the new district 
manager positions. 

Edward J. Rolain has been promoted to district manager 
of the Chicago office. 


Nekoosa-Edwards Paper Co. 


Foundation Scholarships for 1960 


Nekoosa-Edwards Foundation has announced it will 
again award up to four scholarships to qualified students this 


Charles H. Schneider, The 


Ellsworth H. Shriver, The 
Mead Corp. 


Mead Corp. 


Vol. 43, No.4 April 1960 + Tappi 


Ralph C. Kinzel, Water- 


Paul T. Hoelderle, Water- 
vliet Paper Co. 


vliet Paper Co. 


year, making a total of 32 awards since introduction of the 
program in 1953. The Foundation was established in 1947 
by Nekoosa-Edwards Paper Co., a leading producer of busi- 
ness papers. ; 

Each award is $500 for an academic year. Awards may 
be renewed yearly for a maximum of 3 additional years, 
thus the awards are worth up to $2000 each. In addition, 
each Wisconsin college or university selected by a scholarship 
winner will receive an annual cost-of-education grant 
equivalent to the tuition but not to exceed $500 per year. 


One Million Man-Hours Safety Record 


One million man-hours of operation without a lost-time 
accident was established by the Nekoosa, Wis., mill of 
Nekoosa-Edwards Paper Co. on March 2. 

Approximately 780 employees participated in establishing 
the safety mark. Previous safety records were established 
in 1957 when the Nekoosa mill scored 1,332,000 accident- 
free work hours and the Port Edwards mill passed the 
2,000,000-hour mark. 


Rhinelander Paper Co. 
New Bleach Plant 


A continuous bleach plant with a maximum capacity of 
120 tons of bleached stock per day will be built this summer 
at the Rhinelander Paper Co., Division of St. Regis Paper 
Co. The new bleach plant will be erected on the site of the 
old bleach liquor plant at Rhinelander, Wis. 

Target date for completion is early September. 


Watervliet Paper Co. 
Appointments 


Ralph C. Kinzel formerly with Rhinelander Paper Co., 
is now chemist in research and development work, and Paul 
T. Hoelderle, recent graduate of Western Michigan Univer- 
sity’s Pulp and Paper School, is also chemist in research 
and development work at 
the Watervliet Division of 
Hammermill Paper Co. 


Wrenn Paper Co. 


Appointments 


John E. Watson, research 
engineer, has beer! named 
technical director at Wrenn 
Paper: Co., Middletown, Ohio. 
In his new assignment, he will 
be responsible for the technical 
functions and research facili- 
ties at The Mead Corp. sub- 
sidiary. 


John E. Watson 
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PICTURE OF A MILL 
SsrRrETCHing ITs 


PROFITS... 


by STRETCHING-the-SHEET with 


MOUNT HOPE 
ROLLS 


3 TYPICAL 
INSTALLATIONS 


Yes, many mills are actually increas- 
ing sheet width in the drying sections 
by 1 inch or more, through the use of 
MOUNT HOPE VARI-BOW ROLLS! 
These highly versatile bow-shaped 


MOUNT HOPE 
ROLL 


rolls are installed wherever their posi- 
tive, automatic stretching action is 
needed most. They can then be quickly 
and easily adjusted to varying stock 
consistencies and web requirements. 
Get full details on this simple, posi- 
tive way to stretch the sheet... the 
practical way to improve your operat- 
ing economy. A MOUNT HOPE En- 
gineer will “show you how”. Simply 


MOUNT HOPE 
ROLL 


fill out and mail coupon below. 


MOUNT HOPE MACHINERY COMPANY 
62 Fifth Street Taunton, Mass. 
Plants at Taunton, Mass. and Charlotte, N.C. 


Please have a MOUNT HOPE Engineer call at my mill and show 
me how MOUNT HOPE ROLLS can improve my operations. 


NAME 


TITLE 


FIRM 


ADDRESS es 
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Educational Institutions 


The Institute of Paper Chemistry 
Grant from National Science Foundation 


The National Science Foundation has announced the 
awarding of a grant of $8,050 to The Institute of Paper 
Chemistry in support of a summer program for college 
teachers. 

This eight-week program is one of 57 research participation 
programs for about 550 teachers of science and mathematics 
approved by the National Science Foundation for summer 
grants totaling nearly one million dollars. Approximately 
400 of the teachers will come from secondary schools, and the 
remaining 150 will come from junior colleges and small 
colleges without appropriate research facilities. 


Fifth Industry Seminar 


The Fifth Industry Seminar, conducted by The Institute 
of Paper Chemistry in Appleton, Wis., will begin on June 15 
and will continue through July 7, 1960. This is the fifth 
in an annual series of summer programs designed to give 
men in the pulp and paper industry an increased awareness 
of the contributions to be made by science and technology to 
the industry. 

Presentations by Institute staff members will provide the 
core of the Seminar. Among the subjects considered will 
be wood as a raw material, cambial chemistry, wood structure, 
wood components, lignin chemistry, and their relationship 
to the utilization of wood. 

Problems in pulping, bleaching, and papermaking will be 
buttressed by consideration of biological problems, fiber 
behavior and beater adhesives, stock preparation, drainage, 
formation, and drying. 

Important aspects of converting problems including the 


Color Control 


This unique combination of a color- 
imeter and abridged spectrophoto- 
meter measures color differences 
directly or against a permanent refer- 
ence standard. For use in production 
or laboratory, Color-Eye is completely 
portable, rugged and stable, 
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with COLOR-EYE® 


mechanical properties of paper, coating, packaging, and 
graphic arts will be covered. 

The seminar, an activity of the continuing education pro- 
gram at The Institute of Paper Chemistry, will be under the 


direction of Dr. A. Neil McLeod, Institute Economist. 
Lehigh University 


Lehigh University has received a grant of $39,300 from the 
National Science Foundation for the support of basic research 
entitled “Wetting of Solids by Liquids,” to be conducted 
during the next: three years. 

Dr. Albert C. Zettlemoyer, professor of chemistry, will 
direct the project. He will be assisted by Dr. John J. 
Chessick, research assistant professor of chemistry, and a 
graduate fellow to be appointed in the future. 


University of Michigan 


Funds to continue and expand research on Lower Michi- 
gan’s top timber-producing tree—the aspen—were granted 
to the University of Michigan on February 18 by the Lower 
Michigan Pulpwood Research Association (LMPRA). 

The first research project financed by the group was a study 
of the re-establishment of aspen (“popple’’) on lands where 
the valuable timber tree had failed to reproduce itself natu- 
rally. This study by the U-M School of Natural Resources 
is still in progress. 

The studies will be made by faculty members of the U-M 
Departments of Forestry and Wood Technology and their 
graduate students, utilizing the various University facilities, 
including the forest lands of the Biological Station, the 
Botanical Gardens, Wood Utilization Laboratory, and 
specialized equipment. 


Illinois Institute of Technology 


The 1960 Computer Applications Symposium sponsored by 
Armour Research Foundation of Illinois Institute of Tech- 


FOR THE PAPER INDUSTRY... 


COLOR-EYE makes possible simple and rapid 
determination of “beater room” dye and color- 
ant additions. Color-Eye also provides numer- 
ical values for control of pulp brightness, fillers 


and pigments. 


For complete information write 
for brochure ‘’Color-Eye’’ 
Model D. 


INSTRUMENT DEVELOPMENT LABORATORIES, INC. 


Specialists in Photometric Analysis 
67 MECHANIC STREET, ATTLEBORO, MASS., U.S. A. 
Subsidiary of ROYAL McBEE CORPORATION 
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nology will be held October 26 and 27 at the Morrison Hotel, 
Chicago. 

The conference will stress user experience on the frontiers 
of computer applications and programming techniques. 
Invited papers will represent business and management, 
and engineering and scientific applications. 

Inquiries concerning the conference should be addressed 
to Andrew Ungar, conference program chairman, Armour 
Research Foundation, 10 W. 35th St., Chicago 16, III. 


University of Maine 


Dr. Roy P. Whitney, dean and vice-president of The Insti- 
tute of Paper Chemistry, Appleton, Wis., will be a member of 
the staff for the first Summer Institute for the Pulp and 
Paper Industry at the University of Maine, July 11—August 
18. 

Resident faculty of the State University, faculty members 
from other institutions, and leaders in the industry will 
conduct courses in two three-week sessions. From July 
11-28 the Institute will be concerned with pulp technology, 
and from August 1-19 with paper technology. 


Lowell Technological Institute 


Two-W eek Summer Course 


The department of Paper Technology at Lowell Tech- 
nological Institute this year again will present a two-week 
summer course in ‘“‘Paper—Its Properties and Uses” with the 
endorsement of the Boston Paper Trade Association and 
the New England Paper Merchants association. It will be 
given June 6 to 17 at LTI by Professors Norwood H. Keeney, 
Edward M. Engel, and Charles J. Higgins of the paper tech- 
nology faculty. 

Topics to be covered in the course include an introduction 
to pulp manufacture, an introduction to paper manufacture, 
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mill visits for papermaking and paperboard-making, paper 
converting theory, classification and uses of paper and board, 
handsheet making and testing, papermaking arithmetic and 
economies, theory and laboratory in beater additives, printing 
inks and printing processes with printing plant visits, paper 
converting laboratory, kraft papers, cartons and containers 
with kraft paper mill and bag plant visits and a converting 
plant visit, and paper problems from the sales approach. 
A graduation banquet will take place at the conclusion of 
the course. 

Enrollment for the course is limited, and applications must 
be sent before May 10 to Paper Summer Course, Lowell 
Technological Institute, Lowell, Mass., with a deposit of 
$10 which will be returned if the application cannot be 
accepted. Fee for the course including tuition, room, meals, 
books, and transportation on field trips is $225. For com- 
muters the fee is $150. 


Industry Suppliers 


Allis-Chalmers Manufacturing Co. 


Engine Plant at Harvey, Ill. 


Plans for construction of a multimillion dollar engine 
manufacturing plant at the Harvey, Ill, works of Allis- 
Chalmers have been announced 

The new plant, with about 515,000 sq. ft. of floor area 
will occupy part of 35 acres of land acquired by the company 
in 1957. Construction is scheduled to start immediately 
near the site of a recently completed engineering development 
and research laboratory. 


Industrial Equipment Division Formed 


Allis-Chalmers has combined its Industrial and General 
Products Divisions into a new operating unit called the 


Carthage-Norman Chippers 


Give You Greater Yield 
of Higher Strength Pulp 


With its unique helicoidal disc segments and 
variable-bevel knives, the Carthage-Norman 
Chipper produces the highest percentage of 
“to size” chips. There are fewer compressed 
or bruised chips and %2% to 1% less sawdust 
—a feature which can pay for the chipper in 
one year. Knives wear longer —cost less. 
Heavy-duty construction results in exception- 
ally low maintenance costs. 


CARTHAGE MACHINE CO. 
CARTHAGE, N. Y. 


6 

E. L. Crowley Hyman Supply Co. A 
3224 N. Fulton Ave. Wilmington, N. C. ) 
Hapeville, Ga. ROger 2-5294 ; 
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Machine Products Co. Ray Smythe Co. n) 
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Industrial Equipment Division, with W. M. Wallace as 
vice-president and general manager of the new division. 
G. A. Saar was appointed assistant general manager. 

The new division includes the compressor, processing 
machinery, centrifugal pump, control, and the industrial 
systems departments, plus the Norwood Works, motor and 
pump manufacturing facility. 

Canadian Allis-Chalmers, formerly a part of the Industrial 
Equipment Division, will now operate as a separate division 
of the Industries Group. H. M. Schudt, president of Cana- 
dian Allis-Chalmers is divisional general manager. 


Ampco Metal, Inc. 


Nonsparking Safety Tools 


Nonsparking safety tools are described in a catalog re- 
cently revised and brought up-to-date by the manufacturer, 
Ampco Metal, Inc. 

Ampco safety tools have been tested by the Factory 
Mutuals Laboratories and approved for use where a hot 
spark could mean fire or explosion. A report, recently 
issued by the U. S. Department of Commerce, and entitled 
“Research and Development Report on Sparking Charac- 
teristics of Metals,’ concludes that hand tools of Ampco 
Metal (aluminum bronze) and Ampco Beryllium Copper are 
safe to use in explosive atmospheres of gasoline vapor . . . see 
report PB-151650. In addition to their nonsparking quali- 
ties, Ampco tools are noncorrosive and nonmagnetic. 

Copies of the Ampco Safety Tool catalog may be obtained 
from: Ampco Metal, Inc., Box 2004, Milwaukee 1, Wis. 


Armour Alliance Industries 


New Industrial Adhesiwes Plant 


Armour Alliance Industries, Alliance, Ohio, announces 
the opening of a newly constructed industrial adhesives plant 
located at Philadelphia, Pa. Covering over 15,000 sq. ft. of 
floor area, the new plant, equipped to formulate animal-base, 
resin-base, vegetable-base, and blood adhesives, will service 
industrial adhesive customers throughout the eastern United 
States. 


Bailey Meter Co. 


Appointments 


S. G. Dukelow, manager of the New Orleans district, has 
taken over managership of the San Francisco district. He 
succeeds V. A. Rumble who has retired after 37 years with 
the company—380 of them as San Francisco manager. W. P. 
Davenport, an industry specialist in the Pulp & Paper 
Division, East Orange office, has been named manager of the 
New Orleans district. 

Dukelow joined the company as an engineering trainee 
in 1941. He was named manager of the New Orleans district 
in 1947, after having gained experience as a sales-service 


S. G. Dukelow W. P. Davenport 
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engineer in the Chicago, Denver, and Houston district offices. 
A graduate of Kansas State College, Dukelow holds a BS. 
degree in mechanical engineering. 

Davenport joined the company in 1937 as an engineering 
trainee. He worked in the Philadelphia and New York 
district offices prior to being assigned to the East Orange 
office (part of the New York district). Davenport is a 1937 
eraduate of Penn State and holds a B.S. degree in mechanical 
engineering. 


Barco Mfg. Co. 


Precision Type Flanged Rotary Joints 


Improved convenience in installation and accurate control 
of concentricity are important features of new Type CF 
rotary joints developed by Barco Manufacturing Co., of 
Barrington, Ill. The design eliminates need for threaded 
connection of the rotary sleeve, which is sometimes difficult 
to disconnect from rotating drum journals after lengthy 
service, particularly in the case of large size joints. 


JOURNAL 
FLANGE 


Sectional view of Type CF rotary joint 


The new Type CF flanged joints are now available in 2, 
21/2, and 3 in. sizes suitable for up to 200 p.s.i. saturated 
steam or 400 p.s.i. cold working pressure. Also, hot oil, 
under 100 p.s.i., can be handled up to 500°F. All sizes are 
built so that they can be used for either single-flow or syphon- 
flow service. 

Detailed information on Bareo Type CF rotary joints is 
contained in Catalog Sheet 331. Copies may be obtained 
by addressing requests to Barco Manufacturing Co., Dept. J. 
31, 500 Hough St., Barrington, Il. 


Bauer Bros. Co. 


Digesters Booklet 


A 12-page, well illustrated booklet describing Bauer 
digesters and related equipment to meet all pulp cooking 
requirements is now available from The Bauer Bros. Co., 
Springfield, Ohio. 

Three digesters—the Rapid Cycle batch cooker, and two 
continuous digesters, the M & D model and the Grenco 
model—are explained in detail. Information is also included 
on the Bauer-Grenco rotary valve for continuous digesters 
and automatic controls. 

Ask for Bulletin P-30. 


The Borden Chemical Co. 
Ink and Lacquer Dept. 


James A. Wold has been named general manager of the 
newly acquired Commercial Ink and Lacquer Co. operations 
of Borden. He was formerly general manager of the com- 
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pany’s Consumer Products and Resinite departments. The 
new ink operation will formally be known as the Ink and 
Lacquer Department of the Borden Chemical Co. 

The Ink and Lacquer Department, Fair Lawn, N. J., 
manufactures gravure and flexographic inks, varnishes and 
lacquers for use by the packaging, gypsum board, printing, 
and laminating industries. 


The Bristol Co. 


Rack-M ounting Servomechanisms 


Two new rack-mounting Dynamaster servomechanisms are 
being offered by Bristol. The new models are mounted in 
hinged swinging panels to fit standard 19-in. RETMA relay 
racks. Both models are suitable for applications in comput- 


Rack-mounting Dynamaster servomechanism 


ing and all types of control systems, indicating gage applica- 
tions, ete. 

Both servomechanisms use the same basic amplifier used in 
Bristol’s Series 663 Dynamaster, null-balance potentiometer 
instruments. Measuring and power circuits are similar to 
those of standard Dynamaster instruments. The bridge 
supply utilizes either a Zener reference source or a mercury 
cell (no standardizing). 

Complete information may be had from The Bristol Co., 
Waterbury 20, Conn. 


Cameron Machine Co. 


World’s Largest Duplex Winder 

Cameron Machine Company, Dover, N. J., has built a 
147 in. trim width duplex winder. This machine is believed 
to be the world’s largest winder of this type. 


The 147-in. Duplex winder 
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CUSTOM FABRICATION 
VALVE _i 


FABRI-VALVE 


SOLVING your valve problems is our 
business. 


If you are faced with difficulties in meter- 
ing, corrosion, tight shutoff, or handling 
suspended solids, Fabri-Valve has the 
answer. 


Valve shown above is a cylinder operated, 
12-inch, bonnetless stock valve, modified 
to include a Vee Grip type baeenea cet 
Valves of this type are ideal for han ling 
high density pulp stock. 


Wecan assure you fast action and 
satisfaction. 


Write, wire, or call for more information. 


ARK 


FABRI-VAIN 


WEDGE GATES 
STOCK VALVES 
BUTTERFLY VALVES 
CHECK VALVES 
DIGESTER VALVES 
V-PORT METERING 


P.O. Box 4352 Portland 8, Oregon 
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The new winder, furnished to Nicolet Paper Co., West 
DePere, Wis., will be used in conjunction with a super- 
calender producing glassine. It has a 50 in. diameter re- 
wind capacity and is capable of running at 2000 f.p.m. A 
hydraulic main drive and individual hydraulic drives to both 
rewind shafts are employed. 


Centrifix Corp. 


Move to Houston, Tex. 


After March 31st, Centrifix Corp.’s general offices, engineer- 
ing, and administration headquarters will be located at 1017 
LeHall St., Houston, Tex. A Cleveland office with Herbert 
R. Hayes as manager will be located at 2032 West 105th 
St., Cleveland, Ohio. 


CompuDyne Corp. 


Jarco Services Acquired 


The CompuDyne Corp. of Hatboro, Pa., manufacturers 
of computer-operated automatic control systems and compo- 
nents has announced the acquisition of Jarco Services, Inc., 
Tulsa, Okla. Jarco produces electronic capacitance-type 
level probes for the missile, petroleum, pipeline, chemical, and 
bulk-materials industries. 

Jarco will be operated as a wholly owned subsidiary. 


Dow Chemical Co. 
Paper-Coating Latex 


Dow Latex 630, a new latex for pigmented paper and paper- 
board coatings, is a type of styrene/butadiene latex markedly 
different from previous copolymers. 

The high shear stability of Dow Latex 630 promises maxi- 
mum utility on all types of commercial coating equipment. 
In addition, the improved starch compatibility of the latex 
eliminates the need for protective colloid. Improvement of 
wet pick resistance and indications of body stock strengthen- 
ing, coupled with excellent dry pick resistance, suggest 
wide utility for all types of printed papers. 

C. W. Cairns, Product Sales Manager, said the latex used 
in paper and paperboard coatings imparts the highest degree 
of printability. 

The price of Dow Latex 630 is 31 cents a pound for latex 
solids, in tank car quantities (slightly higher west of the 
Rockies). 


$30 Million for Louisiana Division 


A $30 million expansion program at The Dow’s Louisiana 
Division, Plaquemine, La., was announced today by Leland 
I. Doan, Dow president. 

The expansion, which will take 2 years, will include a plant 
for the production of ammonia, increases in production 
capacity for chlorine, caustic soda and vinyl chloride, and 
additions to power and steam generating facilities. 


Fibrous Glass Products, Inc. 


FIT *rite in Four Thicknesses 


FIT*rite, the molded fiberglass insulation for standard 
pipe fittings, is now available in four thicknesses, 1/2, 1, 11/2, 
and 2 in. and comes in standard sizes for welded and cast ells, 
tees, and upon request, for special shapes. 

Free literature on FIT*rite molded fiberglass pipe-fitting 
insulation is available from Fibrous Glass Products, Ince., 
Alpa Plaza, Hicksville, L. I., N. Y. 


Food Machinery and Chemical Corp. 


FMC Drops Westvaco Name 


Effective April 1st, Food Machinery and Chemical Corp. 
will drop the name Westvaco from its Divisional and brand 
identifications. The former Westvaco Divisions will in 
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Fit-Rite pipe-fitting insulation by Fibrous Glass Products, 
Inc. 


future be known as the Chlor-Alkali and Mineral Products 
Division of the Corp. 


General Aniline & Film Corp. 
New West Coast Branch 


General Aniline has announced it will build a new west 
coast branch sales office and distribution center in South 
San Francisco. 

The new facility, which will have 45,000 sq. ft. of floor 
space, will be a consolidated sales office and warehouse for the 
corporation’s three main divisions—Ansco, Ozalid, and Dye- 
stuff & Chemical—to serve western and northwestern states. 


General Electric Co. 


Silicon Rectifier Conversion Units 


GEA-7060, four-page bulletin, describes G.E.’s new oil- 
filled silicon rectifier conversion units for electrostatic pre- 
cipitator and other types of high-voltage power supplies. 

Illustrated publication gives detailed information on 
product features, applications, cost savings, and reduced 
maintenance. It includes photographs, line and dimensional 
drawings, cost savings chart, ratings, application and price 
tables.—General Electric Co., Schenectady 5, N. Y. 


Glenfield & Kennedy, Inc. 
Microstraining 


A four-page bulletin. which graphically illustrates three 
microstraining installations is available from Glenfield & 
Kennedy, Inc., 275 Halstead Ave., Harrison, N.Y. 

This system of automatic filtration is widely used for the 
clarification of raw water supplies such as lake water and river 
water. 


Hercules Powder Co. 


Financial Aid to Education 


Over $110,000 in unrestricted grants-in-aid is being dis- 
tributed by Hercules among 30 colleges and universities. 
The unrestricted grants-in-aid program gives complete free- 
dom in the use of these funds to the heads of departments 
of chemistry, chemical engineering, physics, mechanical 
engineering, and others in the participating schools. 


Hudson Bay Co. 
Test Chamber 
A new environmental test cabinet with special “add-on” 


facilities for altitude, vacuum, humidity, and temperature 
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testing answers the needs of 
laboratories with expanding 
environmental test require- 
ments. 

Called the Com-pac Cab, it 
is designed specifically for 
low temperature operation 
with an adjustable tempera- 
ture range from 300°F. to 
—120°F. Varied testing can 
be had by merely adding 
optional equipment. The 
working chamber is 19 X 19 
x 19 in. 

Developed by Hudson Bay 
Co., Division of Labline, 
Inc., 3070-82 W. Grand Ave., 
Chicago 22, IIl. ; 


Com-pac Cab test chamber 


Jefferson Chemical Co., Inc. 


Conroe Plant Manager 


Harold R. Horner, Jr., has been appointed Conroe Plant 
Manager for Jefferson. The new plant acquired from Gulf 
Oil Corp. on Feb. 1, 1960, will be used for intermediate scale 
production of new products and for large scale development 
work on new processes. 


The Kordite Co. 


Operations Discussed with Japanese 

The Kordite Co., Macedon, N. Y., has opened discussions 
with one of the largest industrial firms in Japan, The Mit- 
subishi Petrochemical Co., Ltd., Tokyo, for the sale of plastic 
film products in the Far East. 

Preliminary meetings will focus on licensing the Japanese 
concern to produce and distribute Kordite plastic products 
in the Far East. 


The Lummus Co. 


35th Anniversary Luncheon for A. P. Schnyder 
A. P. Schnyder, well-known consultant to the Pulp & Paper 


Guests at the 35th anniversary luncheon for A. P. Schnyder 
were, from left to right: H. C. Brown, Director, Chicago 
Bridge & Iron Co.;_ F. J. McGovern, The Lummus Co.; 
C. J. Faulkner, Pur. Agt., Gilman Paper Co. and St. Marys 
Kraft Corp.; R. E. Grigg, Industry Representative, Gen- 
eral Electric Co.; W. W. Cronkhite, Retd., General Electric 
Co., Mgr. Industry Div.; A. P. Schnyder, The Lummus 
Co.; R. M. Dickson, Pulp & Paper Mill Engineer, Ebasco 
Services, Inc.; R. G. Macdonald, Treasurer of TAPPI; 
D. Breien, The Lummus Co.; W. W. Kraft, The Lummus 
Co. Standing: W. J. Hemphill (left), Retd., Industry 
Representative, Johns-Manville Sales Corp.; A. D. Hal- 
porn, Consulting Sales Engineer, Combustion Engineering 
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Industry, commemorated his 35th anniversary in the indus- 
try on February 15 with a luncheon at the Canadian Club 
in New York for a group of old and new friends, some of whom 
have known Mr. Schnyder since his initial years in the 
industry. 


Milton Roy Co. 


Automatic Paste Rosin Size Emulsifier 


A new automatic past size emulsifier has been developed 
jointly by Milton Roy and Monsanto Chemical Co. The 
packaged system responds automatically to machine demands 
and when not producing finished size emulsion, it recirculates 


Automatic paste size emulsifier 


and reheats size paste. This recirculation feature keeps a 
supply of paste size to a constant temperature thereby en- 
suring uniform emulsion consistency. 

For more information, write to Milton Roy Co., 13800 
East Mermaid Lane, Philadelphia 18, Pa. 


Pump Stroke Length Responds to Flow Rate Changes 


Data Sheet D-59-1 explains how controlled volume pumps 
solved the problem of metering a softening agent into the 
distribution lines at the two pumping stations serving Ft. 
Bliss, Tex. By incorporating an automatic stroke length 
adjustment which responds to changes in flow rates, the 
manufacturers of the pump ensure a consistent ratio of 
phosphate to water with varying water pumping rates— 
automatically and economically. 


Monsanto Chemical Co. 


Cyanuric Compounds 


Monsanto has published a 44-page technical bulletin 
describing its ACL chlorinated cyanuric acids and salts, a 
family of dry organic chlorine sources for the compounding of 
bleaching and sanitizing products. 

The bulletin (I-177) describes the physical, chemical, 
and functional properties of the products, presents perform- 
ance information and gives suggestions for the proper 
formulation of the materials into effective solid bleaching and 
sanitizing agents. 

The booklet can be obtained free by writing to Monsanto 
Chemical Co., Inorganic Chemicals Division, 800 North 
Lindbergh Blvd., St. Louis 66, Mo. 
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National Starch and Chemical Corp. 


Kofilms Manual 


Publication of a 64-page manual on the chemistry and 
industrial utilization of Kofilm starches was announced by 
National Starch during the 1960 TAPPI convention. 

Kofilms, described in the manual as an important new 
class of chemical starch derivatives, are made by directly 
linking acetyl groups to starch molecules. Selective control 
of this process is said to give Kofilms properties far superior 
to those of the starches from which they are derived. 

Copies from Paper Div., National Starch and Chemical 
Corp., 750 3rd Ave., New York, N. Y. 


Appointment 


Leonard J. Wood has been appointed to a new post in 
which he heads technical and sales-service operations for 
the Paper Division of National Starch. 

Among Mr. Wood’s new responsibilities as Paper Division 
product manager, is the direction of National’s broadscale 
development program for the paper and board industries. 


Nichols Engineering and Research Corp. 


Furnish Precleaner 


The Precleaner, a low pressure drop centrifugal cleaner 
for removing trash from furnish has been introduced by 
Nichols. The Precleaner 
may be used ahead of 
screens or high pressure 
drop cleaners or in stock 


preparation systems at 
pulpers. 
Advantages: Large ca- 


pacity, small space require- 
ments, no moving parts, 
and low pump head require- 
ments. 

Units are furnished in 
either mild or _ stainless 
steel, with manually oper- 
ated valves or push botton 
control. 

Three sizes available to 
handle volumes from 1500 
to 6000 g.p.m. with a single 
unit. 


The Nichols Precleaner 


Olin Mathieson Chemical Corp. 


Silicone Coated Multiwall Bag 


Development of a multiwall bag with a special silicone 
coating on the inside for packaging tacky materials has been 
announced by the Packaging Division of Olin Mathieson. 

The coating, originated by Dow Corning Corp., prevents 
adhesion of the bag to the material being packed. The bag, 
which has been successfully used as a package for synthetic 
and natural rubber, can be used for asphalt, candy, adhesives, 
and similar gummy products. 


Penn-Olin Chemical Co. 


Penn-Olin Chemical Co. is now being formed as a joint 
subsidiary of Pennsalt Chemicals Corp. and Olin Mathieson 
Chemical Corp. 

The subsidiary, a $6,500,000 venture, has been organized to 
produce sodium chlorate and other chlorate compounds, and 
will be owned equally by the two corporations. Preliminary 
engineering has been completed, and construction is expected 
to start within 90 days on a 25,000-ton-a-year plant at Calvert 
City, Ky. 

Sodium chlorate, in increasing demand from the pulp 
and paper industry, is also the major raw material used in the 
production of ammonium perchlorate, a solid rocket fuel 
oxidizer, and in the manufacture of defoliants and weed killers. 
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J. L. Pickens, Olin Mathie- 


Vernon Woodside, Olin 
son Chemical Corp. 


Mathieson Chemical Corp. 


Appointments 


Vernon Woodside has been named manager of sales de- 
velopment for heavy chemicals in the Chemicals Division 
of Olin Mathieson, and J. L. Pickens as manager of field sales 
for heavy chemicals. Both men will be located in Balti- 
more. 

Robert D. Hillmann has been appointed western district 
sales manager for film operations of the Packaging Division 
of Olin Mathieson. He will be located in San Francisco. 


Onyx Oil & Chemical Co. 


50th Anniversary Surfactant Catalog 


A 24-page catalog of surface active agents has been pub- 
lished by Onyx. 

Each product is described by trade name, active ingredient, 
per cent activity, physical state, general use, specific applica- 
tions, and properties. 

Copies of this catalog are available from the company, 
Jersey City 2, N. J. 


The Pfaudler Co. 


Tantalum Bayonet Heater 


A tantalum bayonet heater, believed to be the largest ever 
produced, has been fabricated by The Pfaudler Co., a divi- 
sion of Pfaudler Permutit, Inc. 

The new tantalum bayonet heater has 124 sq. ft. of heater 
area, and is composed of 52 tantalum tubes, 11/» in. 0.d. by 
72 in. length. It is designed for use in a Pfaudler glassed- 
steel vessel being used as a nitric acid reboiler. 


Appointment © 


John J. Moffett has been appointed as manager, export sales 
department. The Pfaudler Co., a division of Pfaudler Per- 
mutit Inc., is a specialist in Fluidics, a program which com- 


Robert D. Hillmann, Olin 


John J. Moffett, The 
Mathieson Chemical Corp. 


Pfaudler Co. 
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Pfaudler’s tantalum bayonet heater 


bines 75 years of knowledge and experience with a wide vari- 


ety of equipment offerings to solve problems which involve 
fluids. 


The Powers Regulator Co. 


Transmitter-Receiver Controls 


Newly designed transmitter and receiver equipment for 
remote temperature control has been announced by Powers. 

Applications of the transmitter-receiver system include 
both heating-cooling-air conditioning and industrial processes, 
especially when remote control is involved. 

The Series 200 transmitter transduces a temperature 
measurement into a 3- to 15-p.s.i. air pressure signal from a 
remote location. 


Series 200 receiver-controller, and Series 20 transmitter 


Operating in conjunction with the transmitter, the Series 
200 receiver-controller maintains a selected temperature at 


a remote location. 

Details are available in Bulletins 371, 371-1, and 371-2 
from The Powers Regulator Co., 3434 Oakton St., Skokie, 
Ill. 
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Resisto Chemical, Inc. 


Release Coating for Fiberous Containers 


A plastic release coating for paper and fiber containers has 
been developed by Dir-Dux Division, Resisto Chemical, Inc. 
Known as Tar-Dux, the new coating prevents such materials 
as asphalt, butyl rubber, tar, adhesives, resins, and waxes 
from adhering to their containers. 

Tar-Dux is a water-phase, solvent-free compound, which 
is milky white in appearance, but forms a transparent film 
when dry. When applied to paper or paper products, oven- 
drying at 250°F. for 30 sec. is usually sufficient. 

For more information about Tar-Dux, or other related 
plastic coatings, write: Dri-Dux Division, Resisto Chemical, 
Inc., P. O. Box 1945, Wilmington 99, Del. 


J. O. Ross Engineering 
High Velocity Drier Bulletin 


A 4-page bulletin gives technical data on three new model 
high-velocity driers. Air-outlet velocities range from 15,000 
to 20,000 f.p.m. with temperatures to 800°F. and beyond in 
certain applications. Driers may be manually or auto- 
matically controlled and are extremely flexible in operation. 
Ask for Bulletin HV-501, J. O. Ross Engineering, Division 
of Midland-Ross Corp., 730 Third Ave., New York 17, N. Y. 


Southworth Machine Co. 


Skid Turner 


The fully mobile Southworth skid turner Model ST-5 needs 
no fixed location, does away completely with foundation pits, 
steel beams, tracks, etc. It may be moved from location to 
location and will turn any type skid, handling sizes from 28 X 
38 to 52 X 76 in., and accommodating heights from 24 up to 
74 in., exclusive of skid. 


The ST-5 skid turner 


With a capacity of up to 5000 lb., the Southworth Skid 
Turner is ready to operate as soon as delivered. When not 
turning skids, it is designed to serve as a lift table as well. 


Sprout, Waldron & Co., Inc. 


Pressure Tight Rotary Vane Feeder Valves 


The development of a special series of pressure tight, 
stainless steel rotary vane feeder valves for handling a va- 
riety of industrial products has been announced by Sprout, 
Waldron. 

Mayor design features include extra heavy construction, 
external ribs and close tolerance fits, to provide satisfactory 
service under 25 p.s.i.g. internal pressure and high vacuum. 
The valves are designed to seal effectively against a differen- 
tial pressure of 15 p.s.i. across the rotary element and to op- 
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erate from 0°F. to 250°F. Rotors have closed ends with 
piston rings and “‘O” ring seals. 


Square D Co. 


Front-Connected Control 


New front-connected controllers which eliminate the need 
for back aisle space on crane walkways have been announced 
by EC&M Division of Square D Co. All wiring and control 


components are accessible from the front, with ample working 
space inside the cabinet. 
tenance. 


Only one man is required for main- 


Front-connected control 


The new EC&M controllers can save up to 20 in. of catwalk 
width. They are 10 to 15% lighter than equivalent control- 
lers with conventional wiring, providing a reduction in crane 
weight. 

Furnished with 2, 3, or 4 decks to suit headroom require- 
ments, the new front-connected controllers are available for 
single-motor d.c. drives up to 225 hp. 

For details, write for Bulletin 6121 from Square D Co., 
EC&M Division, 4500 Lee Road, Cleveland 98, Ohio. 


A. E. Staley Mfg. Co. 


Appointment 


Promotion of W. C. “Bill” Gallagher to southern manager 
for paper industry sales of the A. BE. ies: Mig. Co. was an- 
nounced by R. i Schuerman, 
manager of paper industry 
sales for the Decatur corn, 
soybean, and chemical proc- 
essing concern. 

Mr. Gallagher had _ been 
paper industry sales technical 
representative in the South- 
eastern states. In his new 
position he will direct the 
Staley field organization serv- 
ing the paper, corrugating, 
building materials and related 
industries in the southern U. S. 
He will continue to headquar- 
ter in Charlotte, N.C. 


William C. Gallagher 


Stickle Steam Specialties Co. 


Economical Bowler Return System 


A new boiler return system said to save fuel and steam, 
permits high pressure boilers and steam processing units 
to operate at top efficiency. 
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Duplex boiler return system 


Known as the Duplex boiler return system, it automat- 
ically maintains a positive differential between steam supply 
and return lines. Condensate and air are quickly evacuated 
from the steam line, permitting processing units to operate 
continually at full capacity. Steam requirements are reduced 
because condensate is returned to the boiler usually within 
10 degrees of the temperature of saturated steam. 

More information from Stickle Steam Specialties Co., 2215 
Valley Ave., Indianapolis 18, Ind. 


Stone Container Corp. 


New Corrugated Box Plant 


Stone Container Corp. wil] open a new corrugated box plant 
at 1900 Foss Park Ave., North Chicago, in early April. 

Robert M. Briggs, general manager of Stone Container’s 
42nd Pl. plant, also will supervise the new operation. Alvin 
Blue will serve as assistant general manager and sales man- 
ager, Avery J. Stone as plant manager, and James E. Meehan, 
assistant sales manager. 

Russel! R. Kynoch has been named general sales manager 
of the Chicago Corrugated Division, sueceeding Mr. Blue. 


Testing Machines Inc. 


PATRA Fluff Tester 


TMI announces the availability of a three-page brochure 
describing the new PATRA fluff tester. This tester was de- 
veloped by the Printing, Packaging, and Allied Trades Re- 
search Association, Surrey, England, after it was seen that a 
large quantity of fluff was removed from paper when it was 
passed through the printing machine in contact with a dry 
blanket. This principle has been used in the construction of 
the tester. An interesting item for paper manufacturers, 
packaging personnel, and printers. 

For complete details write to Testing Machines, Inc., 72 
Jericho Turnpike, Mineola, N. Y. 


Power Operated Circular Sample Cutter 


TMI announces a new data sheet which illustrates and 
describes the power operated circular specimen cutter. 

This cutter is the answer to the growing demand for a fast, 
accurate, preparatory instrument for circular samples. 
The unit, besides being faster and more accurate is much 
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safer to handle than the present manually operated cutters. 
For complete details write to Testing Machines, Inc., 72 
Jericho Turnpike, Mineola, N. Y. 


Texas Gulf Sulphur Co. 
Operations at Nopalapa Suspenaed 


The world’s leading producer of sulfur, suspended its opera- 
tions at its Mexican sulfur plant at Nopalapa, in the State 
of Vera Cruz. 

The Nopalapa plant is a small producer and its cost of 
operation is high relative to the company’s other more 
efficient producing units. 


Union Carbide Plastics Co. 


North Carolina Sales Office 


A new sales office in Greensboro, N. C., has been estab- 
lished by Union Carbide Plastics Co., Division of Union Car- 
bide Corp., effiective immediately. It is located in the Guil- 
ford Building, Room 712, Greensboro, N.C ‘ 

C. 8. Shoemaker, a technical representative in the com- 
pany’s south atlantic region since 1950, will be located in the 
new Greensboro office. 


Fibrous Resins for Speciality Papers 


Fibrous vinyl and styrene resins are now available in de- 
velopmental quantities for tests in specialty paper applica- 


Microphotograph of bakelite-brand fibrous resin (370 X). 
Fine fibrils can be seen extending from the main fiber 
bundles 


tions, it was announced today by Union Carbide Plastics 
Co, Division of Union Carbide Corp. 

The new Bakelite fibrous resins have the appearance of 
cellulose pulp. Fibers are very irregular in structure with 
many fine fibrils extending out from the main fiber bundle. 
Diameters vary from 2 to 200 uw and lengths range from 
very short to a maximum of */16 in. The viny] resin is des- 
ignated VXKA-6112 and the styrene resin, SXKA-0121. 

Current tests indicate that the fibrous resins may find ap- 
plication in laminates, pulp and paper molding, and in 
asbestos paper for improved bonding. 

Non-paper applications include reinforcement of glass fiber 
mats and bonding of nonwoven textiles. 
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United States Gauge 


Folder on Gauges and Instruments 


“Gauges and Instruments for the Process Industries” 
is the title of a four-page bulletin issued by the USG. 

Featured in the bulletin are USG’s pressure and vacuum 
gages (USG Supergauge and Solfrunt series), indicating 
pneumatic controllers, and pneumatic transmitters. A 
schematic shows the installation of a USG indicating pneu- 
matic controller in a typical ‘‘cascade’” contrel system. 
This device has found wide application in sensing and in- 
dicating pressure or temperature. 

Copies of bulletin 3015 may be obtained without obliga- 
tion by writing to United States Gauge Division, American 
Machine and Metals, Inc., Sellersville, Pa. 


United States Gypsum Co. 


New Chipboard Plant for Jacksorville 


United States Gypsum will start construction of a new 
chipboard plant in Jacksonville, Fla., this spring 

The multimillion-dollar plant is U. 8. Gypsum’s fourth 
facility to be started in the southeast in the last 12 months, 
and the second in Jacksonville. The site is a 19-acre plot 
adjacent to the company’s existing gypsum manufacturing 
plant at 6825 Evergreen Ave. 


Virginia Smelting Co. 
Appointment 


George V. Rittenhouse has 
been appointed to the position 
of District Manager, Indus- 
trial Sales Division, with head- 
quarters at 270 Madison Ave., 
New York City. 

Mr. Rittenhouse is an active 
member in TAPPI, Chemists’ 
Club, and Salesman’s Associa- 
tion of the ACI. 


Western Precipitation Diy./ 


. George V. Rittenhouse 
Joy Manufacturing Co. 


Appointments 


William E. Archer has been promoted to the position of 
manager of research and development and Robert F. Stewart 
has been appointed as vice-president and assistant general 
manager of Western Precipitation Div. in Los Angeles, Calif. 

Western Precipitation, founded in 1907, is a leader in the 
dust and fume control equipment industry. Recently it be- 
came a division of the Joy Manufacturing Co, Pittsburgh, 
leaders in the coal machinery field and in air moving and clean- 
ing equipment for all industry. 


William E. Archer Robert F. Stewart 
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Generai 
Goodyear Tire and Rubber Co. 


High-Speed Tire Testing 


Electronics and high-powered motors help to torture-test 
a tire at 510 m.p.h. 


A Goodyear technician monitors a high-speed tire test on 
closed-circuit television 


This record tire-testing speed was reached on a giant, 
$2 million engineering facility—known as a multistage dy- 
namometer system—installed at the Goodyear Tire & Rubber 
Co. 

The new installation, only one of its kind in the tire in- 
dustry, enables Goodyear technicians to develop, test, and 
qualify tires for the highest performance jet aircraft, and the 
fastest racing cars. As a result of the machine’s great capa- 
bilities, engineers are able to learn what causes a tire to fail 
at ultra-high-speeds, and therefore to develop even better 
high-speed tires for both airplanes and automobiles. 

Because of the physical dangers involved in running tires 
at such speeds, the actual testing is viewed on closed-circuit 
television. 

The machine, built by the Adamson-United Co. of Akron, 
has two separate units and is capable of testing either air- 
plane or automobile tires. 


An airplane tire in contact with the 10-ft high flywheel, 
which duplicates the stresses and strains of a specified 
take-off 
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The “‘waves’’ in these tires show what happens just seconds 
before a tire blows out at ultra-high-speed. 


One side of the machine features a unique ‘“‘tire-on-tire” 
test facility, only one of its kind in the country. On this 
unit, two tires are pressed together, tread to tread, to du- 
plicate actual load conditions, and then driven at surface 
speeds that can be boosted to more than 500 m.p.h. 

The second unit features a huge flywheel, 10 ft. in diameter, 
with a tire carriage on each side. Used primarily for testing 
airplane tires, it is capable of surface speeds of 320 m.p.h. 

Loads of better than 80,000 lb. and tire sizes from 16 in. to 
over 6 ft. in diameter can be accommodated. 


A.I.Ch.E. 


The American Institute of Chemical Engineers will hold 
a four-day jomt meeting with the Instituto Mexicano de 
Inginieros Quimicos at the Hotel Del Prado, Mexico City, 
June 19-22, F. J. Van Antwerpen, A.I.Ch.E. secretary, has 
announced. It will be the first joint meeting of the two socie- 
ties and the occasion will be the first time in the 52-year his- 
tory of the Institute that it has met outside the continental 
United States, except for Canadian meetings. 


Cotton Linters in Papermaking 


Wide use of cotton linters pulp in papermaking is indicated 
as a result of the latest findings of a continuing research 
project by Buckeye Cellulose Corp. 

According to Karl A. Jurbergs, electron microscope shows 
that linters and staple cotton have essentially the same surface 
structure even though they are separate and distinct fiber 
growths. 

On the surface of each are cellulose bundles of fibrils which 
form ridges running at an angle around the fibers. The 
Buckeye studies reveal that commercial pulping processes 
frequently destroy the surface ridges of the fibers. The 
elimination of ridges appears to be more pronounced in the 
staple cotton fibers. 

Although linter pulp fibers usually have sufficient surface 
fibrils, interfiber bonding is hampered by the stiffness of the 
split-off fibrils and by the resistant surface ridges encountered 
on these fibers. The inability of the linter fibrils to collapse 
easily prevents untreated linter pulps from developing the 
necessary strength properties. 

Through chemical modification, the surface structure of 
linters can be changed sufficiently to improve their beating 
characteristics. At the same time chemical modification im- 
proves the degree of hydration and increases the swelling and 
conformability of the fibers. Controlled partial hydroxy- 
ethylation affords this improvement in bonding characteristics 
without a consequent fiber strength loss. 


Vol. 43, No.4 April 1960 - Tappi 


Poplar Popular Pulpwood 


Poplar, once known as a “weed” tree, is becoming in- 
creasingly popular as pulpwood and, under certain conditions 
is making a better quality paper than spruce, K-C woodlands 
department reports. 

Better opacity, tearability, and durability are found in 
poplar paper. Some of these qualities are inherent in the 
wood, but it also took advancements in technology and a 
great deal of experimental work by Kimberly-Clark to make it 
possible to handle the wood in the pulpmaking process. 

As a result, Kimberly-Clark is the first to use 100% poplar 
in the groundwood process and the first to use rough poplar 
for groundwood. There still are some problems, partic- 
ularly in debarking, and research and development are in- 
vestigating such things as newer mechanized debarkers for 
use in the mills as well as the portable debarkers that can be 
used anywhere in the woods. 

Another result is that Wisconsin and Upper Michigan are 
gaining: Kimberly-Clark has replaced 75,000 cords of spruce 
with 95,000 cords of poplar trucked to the corporation’s two 
major bookpaper mills at Kimberly and Niagara. 

It has been no simple task, this making of poplar popular 
as pulpwood. Nor has it been cheap. Kimberly-Clark 
always has used some poplar in groundwood pulp but it was 
in small amounts. 

There were many problems to solve before the change to 
100% poplar was possible. Kimberly-Clark had to learn to 
grind it so it made suitable pulp. The pulp had to be cleaned. 
Poplar pulp is dirty. It couldn’t be used without the clean- 
ing process. And a way to bleach it had to be found, and 
at a low cost. Kimberly-Clark experimented and impro- 
vised and added to existing grinding equipment and to cen- 
trifugal cleaners. It was no quick solution. In fact, the 
“de-dirting’’ problem alone has long been a research project. 
When the problems involved in using poplar for ground- 
wood pulp appeared to be licked, management had to make 
its big decision. To switch from spruce to poplar in ground- 
wood pulp processing would mean additional equipment in- 
volving a substantial capital investment. Could it be 
justified? In one mill alone it would run into a million 
dollars. Management did decide to take the risk. The 
decision was right, and today the dollar return is right, too, 
and the quality paper, for which Kimberly-Clark long has 
been known, is even better. 

Poplar has a much shorter, much weaker fiber than spruce 
and generally has been used as pulpwood filler. With the 
solution to grinding, cleaning and bleaching problems, the 
paper men found that the wood apparently has some binding 
qualities that help to make a better sheet of paper despite 
the short fibers. What are they? As yet no one knows. 

The solution to the problems involved in using poplar for 
groundwood pulp has greater impact than just the change 
from spruce to poplar. It has spurred an interest in other 
hardwoods. At present, K-C has learned to grind poplar 
but experiments and trials continue. Kimberly-Clark’s 
associate, the Coosa River Newsprint Co., already has started 
to vse some gum in its process. A bright future may just 
be beginning for all so-called ‘“‘weed”’ trees. 


Enlarged Microfilm Prints 


Bauchet & Cie., well-known manufacturers of photo- 
graphic and diazotype materials in France, have perfected a 
silver photographic stabilization process named Rollacopy, 
which opens the way to fast and inexpensive making of read- 
able and reproducible enlarged prints from microfilm with 
the high resolution power of silver photography suitable for 
quantity production as well as for single prints. 

Rollacopy paper can be printed in any overhead micro- 
film reader. No darkroom is required. Exposure times are 
between 1 and 30 seconds. An inexpensive developing unit 
takes care of development and stabilization of the prints in 
about 10 seconds: Rollacopy paper is available on opaque 
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and translucent base stock. Owing to the high reprint 
opacity of the silver image the prints make excellent originals 
for reprints by all diazo or blueprint processes. Rollacopy is 
being introduced in the U. 8. and Canada by Andrews Paper 
& Chemical Co., P. O. Box 528, Great Neck, N.Y. 


Glass Container Manufacturers Institute, Inc. 


The Packaging Research Laboratory maintained by the 
Glass Container Manufacturers Institute has recently com- 
pleted a move to enlarged quarters on the campus of Michigan 
State University at East Lansing. 


John G. Turk (left), and A. J. Panshin (right) inspect 
equipment in the new quarters on the MSU campus into 
which the Packaging Lab. has just moved 


Upon the recent completion of a new University building 
at 1405 South Harrison Road in East Lansing, the GCMI 
laboratory moved onto the MSU campus, occupying some 
3500 sq. ft. in the south wing of the new building. 


Pulp & Paper Research Centre, Inc. 


John Lewis named Technical Director 


John Lewis, former Head of the Paper Engineering Depart- 
ment, Lowell Technological Institute, has been appointed 
Technical Director of the Pulp & Paper Research Centre, 
Inc., Lawrence, Mass. 

The Pulp & Paper Research Centre, Inc., is an organiza- 
tion comprising a fully equipped pilot plant, laboratory, and 
engineering department. Staffed with experienced person- 
nel, it is engaged in process and equipment research and de- 
velopment both for John W. Bolton & Sons, Inc., with which 
it is affiliated, and independently for the pulp and paper 
industry and its suppliers. 

Mr. Lewis brings to the Pulp 
& Paper Research Centre a 
broad background of close as- 
sociation with the industry. 
From 1948 to 1952 he was 
Associate Professor of Chemi- 
cal Engineering in the Pulp 
and Paper Section at the Uni- 
versity of Maine. During this 
time he co-edited Volumes I 
and II of the University of 
Maine Lectures on Pulp and 
Paper with Professor Lyle C. 
Jenness. Since 1952 he has 
been a Professor and Head of 
the Paper Engineering Depart- 
ment at Lowell Technological 


John Lewis 
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Institute, Lowell, Mass. He received his B.S. and M.A. de- 
grees in Chemical Engineering from the University of Maine. 

Well known in the pulp and paper industry, Mr. Lewis is 
presently chairman of the New England Section of TAPPI, 
vice-chairman of the Chemical Engineering Section, Engi- 
neering Division of National TAPPI, and also serves on the 
TAPPI Education Committee. He isa member of the Amer- 
ican Institute of Chemical Engineers and a registered pro- 
fessional engineer both in Massachusetts and Maine. 


American Standards Association 


The average American worker, statistically safer on the 
job than at home or on the roads, will enjoy an added margin 
of safety as the result of the recent revisions to the American 
Standard covering safety glasses, respirators, and hard hats. 
The newly revised American Standard Safety Code for Head, 
Eye, and Respiratory Protection include the addition of 
plastic eye protectors, and an increase in strength require- 
ments for eye protection. One section contains 86 defini- 
tions of words common to this field. In general, the code has 
been brought up to date with modern production methods 
working environments and available safety equipment. 

American Standard Safety Code for Head, Eye, and Res- 
piratory Protection, Z2.1-1959, 48 pp., is available at $3.00 
a copy from the American Standards Association, Dept. 
PR121, 70 East 45th St., New York, 17, N. Y. 


OBITUARIES 


Ba na AN RTT Se 
Reuben B. Robertson, Jr. 


Reuben Buck Robertson, Jr., president of the Champion 
Paper & Fibre Co., Hamilton, Ohio, was struck and killed by 
an automobile while en route to his home in Glendale, Ohio, on 
March 13, 1960. 

Mr. Robertson was born in Asheville, N. C., on June 27, 
1908, and graduated as a chemical engineer from Sheffield 
Scientific School, Yale University, in June 1930. 

He entered the employ of Champion in its engineering de- 
partment, subsequently becoming president of the company. 

Mr. Robertson was Deputy Defense Secretary of the 
United States from July 12, 1955, to March 26, 1957, under 
Charles Wilson. 

He is survived by his wife, the former Margaret Watkins, 
and six children, Reuben B. Robertson III, Daniel H., Peter 
Thompson, Margaret Laurens, Louisa Hope, and George 
Watkins. 


Edward H. Voightman 


Edward Hugo Voightman, manager of the New Products 
Development of the Research and Development Department 
of Kimberly-Clark Corp., Neenah, Wis., died from a heart 
attack on Jan. 20, 1960. 

Dr. Voightman was born in Hoboken, N. J., on June 28, 
1907. He graduated from the University of Wisconsin 
(1930) and The Institute of Paper Chemistry (1933). 

He joined the Kimberly-Clark organization in 1933, in the 
research and technical control departments. 

Dr. Voightman was formerly a chairman of the Lake States 
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Section of the Technical Association of the Pulp and Paper 
Industry. 

He is survived by his wife, Cecille, a son Edward W. 
Voightman, Jr., a junior at the University of Wisconsin; a 
brother, Walter Voightman of Beaumont, Tex., and a sister 
Mrs. Hildegard Stephani, Barrington, N. J. 


Joseph B. Homan 


Joseph B. Homan, sales representative for A. E. Staley 
Manufacturing Co. of Decatur, IIll., died at Mobile, Ala., on 
Nov. 13, 1959. 

Mr. Homan was born in Pontotoe County, Miss., on April 
7, 1902, but he and his wife, Mrs. Leona R. Homan, who sur- 
vives him, lived in Mobile for the past 20 years, at 212 Sum- 
merville Court, Mobile 17, Ala. 

Prior to Mr. Homan’s affiliation with the A. E. Staley 
Manufacturing Co. in March, 1945, he was employed by the 
Union Bag Co., later the St. Regis Paper Co., in Tacoma, 
Wash., the Champion Paper & Fibre Co., in Canton, N. C., 
transferring to the new mill in Pasadena, Tex., and with the 
Hollingsworth & Whitney Paper Co. in Mobile, Ala. 

Mr. Homan has been an associate member of TAPPI since 
1946. 


Edwin W. Schoenberger 


Edwin W. Schoenberger, Dean of Students, The Institute of 
Paper Chemistry at Appleton, Wis., died of a cerebral hemor- 
rhage on Feb. 29, 1960, at the age of 52. 

Dean Schoenberger, a native of Springfield, Ohio, attended 
Defiance College (Defiance, Ohio) and Wabash College 
(Crawfordsville, Indiana), where he received his B.A. degree. 
He obtained the M.A. degree from the State University of 
Iowa and did further graduate work, at Northwestern Uni- 
versity. 

He taught corrective speech at Defiance College (1934-36), 
College of Commerce at Northwestern University (1936-38), 
and Iowa State College (1938-39) before joining the faculty of 
Lawrence College in Appleton, Wis., as a professor of speech 
(1939-52). In 1940, he became a member of the faculty of 
The Institute of Paper Chemistry as professor of speech and 
communication. 

In 1952, Mr. Schoenberger was named Dean of Students at 
the Institute. In 1956, he became chairman of the Depart- 
ment of General Studies, and in 1959 he took on additional 
responsibilities as curator of the Dard Hunter Paper Museum 
at The Institute of Paper Chemistry. Among other civic posi- 


tions, he served as a member of the Selective Service Board 
for several years, and in 1954-55 he was President of the 
Appleton Rotary Club. 


Reuben®B. Robertson, Jr. 


Edwin W. Schoenberger 
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TAP PI 


DIVISIONS AND COMMITTEES 


Reports of Activities 


Subcommittee—Forest Biology 
Committee 


Subcommittee No. of the TAPPI Forest Biology Commit- 
tee met at 9:30 a.m., Jan. 22, 1960, at the Palmer House in 
Chicago. The meeting was called by P. N. Joranson to re- 
view and revise digests, previously prepared, of selected wood 
and fiber properties with regard to their effects in processing 
and upon the properties of paper and paperboard. 

Those in attendance included the following: 


P. N. Joranson, Chairman J. R. Salvesen 
B. K. Mayer F. E. Pollock 
E. F. Thode A. J. Winchester 
R. F. Sultze M. G. Lyon 

M. Y. Pillow 


Mr. Lyon was asked to serve the meeting as secretary, and 
agreed to do so. 


AGENDA 


After a brief discussion, it was agreed to use an agenda 
prepared by Mr. Joranson, with the understanding that it 
would be modified in the order of the items discussed to suit 
the travel schedules of the attendees. The agenda suggested 
by Mr. Joranson follows: 


1. Introductions and announcements (A. J. Winchester: 
Seattle conference). 

2. Consideration and action on each collation draft, in order 
listed in letter of November 18. 

3. Plans for publication of the report on wood and fiber 
properties. 

4. Improvement of wood and fiber property tests on small 

samples from living trees—how can subcommittee best 

serve this need? 

New activity. 

Subcommittee report to parent committee at New York in 

February. 

7, Next subcommittee meeting, at Seattle, in August. 


5. 
6. 


SEATTLE CONFERENCE 


Mr. Winchester briefly brought the committee up to date 
on the plans for the TAPPI Forest Biology Conference 
scheduled for Seattle on Aug. 24-27, 1960. The dates are set 
to accommodate people attending the Alkaline Pulping Con- 
ference in Portland, Aug. 22-24, 1960, and those attending 
the World Forestry Congress in Seattle beginning Aug. 29, 
1960. 

Mr. Winchester reported that the committee has decided 
on preregistration so the size of the conference can be kept to 
the 300 that can be accommodated by the hotel. Announce- 
ment of the conference will be made in the May and June 
issues of the Journal of Forestry, and Tappi magazines. 

Considerable discussion evolved around the date to sched- 
ule a meeting of Subcommittee No. 2, in order to avoid pos- 
sible conflict with the TAPPI sessions at the Alkaline Pulp- 
ing Conference. The committee finally agreed that they 
would favor holding a luncheon banquet at Seattle on Thurs- 
day noon (August 25) rather than an evening banquet. This 
would make it possible for Subcommittee No. 2 to meet on 
Thursday evening. The committee does not wish to meet 
before Thursday because of conflict with the TAPPI Port- 
land meeting. 
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OrpbeER oF List oF Woop AND FIBER PROPERTIDS 


It was suggested that the wood and fiber properties be in- 
cluded in a single list rather than a list of wood properties 
and a list of fiber properties separately. This was agreed 
without dissent. 

Mr. Salvesen suggested that No. 5 on the list, “Chemical 
Analysis of Pulp,” be deleted because the method of the 
pulp isolation so heavily affects the results as to be of little 
use to the forest geneticist. Dr. Thode expressed the view 
that there is need to evaluate the isolated fiber. Mr. Sal- 
vesen suggested the use of standard micro methods of evaluat- 
ing the wood, but without true pulping. Dr. Joranson sug- 
gested we defer the discussion until item No. 4 of the agenda. 
Dr. Thode then moved that we delete item No. 5 from the 
collation list, but consider it actively in future work on 
meaningful small-scale tests (agenda item No. 4). Motion 
carried and this item was stricken from the collation list. 

The question was raised concerning the addition to the 
list of wood and fiber properties of: ‘the proportion of non- 
fibrous elements in the wood.” This is an important consid- 
eration in the case of hardwoods. Mr. Lyon expressed the 
opinion that the list of wood and fiber properties originally 
made was slanted particularly toward southern pine in the 
interests of simplicity, and because the bulk (but not all) of 
forest genetic activity centers on the southern pines. A quick 
check on the available minutes of previous meetings indicated 
no written record of a limitation to southern pines or conifers. 
General discussion indicated the group, as a whole, wished to 
include the hardwoods when publishing data on wood and 
fiber characteristics as related to processing and paper and 
board quality. Lyon moved that the objective be kept broad 
enough to include the hardwoods, and that the committee 
include in the list of properties, “the proportion of non- 
fibrous elements.”” The motion was passed. 

The list as it has been modified now is: 


Wood density or specific gravity. 

Proportion of springwood and summerwood. 
Growth rate. 

Chemical composition of wood. 

Fiber length (average and distribution). 

Fiber diameter (average and distribution). 
Cell wall thickness (average and distribution). 
Fibrillar angle. 

Fiber strength as it exists in the wood. 

10. Bonding strength, fiber-to-fiber. 

11. Knotwood. 

12. Reaction wood. 

13. Proportion of nonfibrous elements in the wood. 


SOI IO CO 


Form or Report or Woop AND FIBER PROPERTIES 


The form in which the final draft of the write-ups of the 
wood and fiber properties will be presented was much dis- 
cussed. Joranson asked if the fact that this is part of a 
formal TAPPI project would affect the form of publication. 
Winchester replied in the negative. Thode suggested a 
special publication that could be distributed to forestry and 
pulp and paper schools. Joranson suggested the paper be 
reprinted in the Journal of Forestry. Joranson made a motion 
that the paper be published in Tappi and simultaneously 
offered for publication in the Journal of Forestry, and that 
consideration for publication be requested as soon as possible 
after the manuscript is available. Motion carried. 
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The matter of extra copies of the paper for distribution 
was not fully resolved, but it was decided to request TAPPI to 
furnish 500 preprints of the paper for distribution on presenta- 
tion of the paper at Seattle. Decision on presentation at 
Seattle was secured on motion by Thode, seconded by Pollock, 
that the paper be presented at the Seattle forestry meeting. 
Motion carried. The committee expressed preference for 
having Dr. Joranson deliver the paper, but he felt it would 
be preferable to have a pulp and paper technologist give the 
paper, if one from the committee can attend the meeting. 


CONSIDERATION OF EacH CoLLAtTION DRAFT 


The bulk of the meeting was devoted to a discussion of the 
collation drafts pertaining to the individual wood and fiber 
properties. Suggestions for change or improvement were 
made in many cases. 


New Tests ror Woop or FIBER 


Time did not allow a discussion of sufficient length to chart 
fully our committee action on this vital field. All members 
thought this an area where help could be given to the forest 
geneticists. 

After brief discussion it was agreed to: 

1. Write principal laboratories doing testing work on 
small wood samples to compile a list of available methods. 
Asked Joranson to undertake this task. 

2. Make the list of methods available to those laboratories 
or individuals submitting data themselves. 

3. Consider the possibility of undertaking a TAPPI proj- 
ect to study the applicability and reliability of new test 
methods before advocating their use in connection with forest 
genetic studies. 

Meeting adjourned at 4:40 p.m. 

M. G. Lyon 


Internal Tearing Resistance 


The first meeting of the joint ASTM-TAPPI Task Group 
on Internal Tearing Resistance of Paper was held at Janssen’s 
Restaurant in New York City on Sunday evening, Feb. 21, 
1960. The purpose of the meeting was to discuss a proposed 
revision of TAPPI Standard T 414 m and the corresponding 
ASTM Designation D-689. The proposed revision was 
based on suggestions received in connection with the recent 
interlaboratory studies of the internal tearing method. 

Numerous changes in the first draft were recommended 
by the task group members, and the chairman was directed to 
prepare a second draft incorporating these changes. In addi- 
tion, task group members will investigate the possibility of 
determining bearing friction under operating conditions. 

A task group meeting is tentatively planned for Atlantic 
City to be held in conjunction with the ASTM Annual 
Meeting. 

Additional suggestions from TAPPI or ASTM members 
will be appreciated and should be sent to the chairman. 

T. W. LasHor, Chairman 


Air-Leak Smoothness 


A brief meeting of the Joint Task Committee of the Graphic 
Arts Committee and the Paper Testing Committee was held 
at the Hotel Commodore, New York City, on Tuesday, Feb. 
23, 1960. The chairman reported renewal of the research 
appropriation, approval for publication in Tappi of the report 
on the results of the first phase of the study, and the comple- 
tion of the preparation of samples for the general and, we 
hope, final, round robin on air-leak smoothness. 

On the basis of the results of this general round robin, as 
well as those of the round robins on paperboard and mimeo- 
bond, the committee will revise TAPPI Suggested Method 
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T 479 sm-48. Any suggestions from TAPPI members will 
be appreciated and should be sent to the chairman. 
T. W. Lasuor, Chairman 


Container Testing Committee 


The TAPPI Container Testing Committee Meeting was 
held at the Commodore Hotel, New York, N. Y., on Feb. 22, 
1960. The meeting was called to order at 9:00 a.m. by the 
chairman, M. J. Clark. Those in attendance were: 


M. J. Clark, chairman, Inland Container Corp. 

A. W. Hoffman, vice-chairman, Continental Can Co., New 
York, N. Y. 

G. C. Lecky, secretary, St. Regis Paper Co. 

B. Q. Haynes, B. F. Perkins & Son, Inc. 

J. J. Kipnees, Atlantic Gummed Paper Corp. 

Earl Knapp, W. Virginia Pulp & Paper Co., H. & D. Div., 
Sandusky, Ohio 

J. Limerick, Bathhurst Power & Paper Co., Montreal 

W. B. Lincoln, Jr., Inland Container Corp. 

C. S. Macnair, Acme Steel Co. 

Ked Martin, Olin-Mathieson Chemical Co., Monroe, La. 

G. W. Menkes, Testing Machines, Inc. 

T. J. Muldoon, Fibre Box Association 

H. G. Nelson, Owen-Illinois (Forest Products) 

C. H. Root, Continental Can Co., Van Wirt, Ohio 

Henry W. Seibel, Crown Zellerbach Corp., Gaylord Cont. Div. 

R. E. Swingle, Acme Steel Co. 

Dale Wolvin, Weyerhaeuser Co. 

Perey Cox, Consolidated Water Power & Paper Co. 

K. A. Wohl, Thatcher Glass Mfg. Co., Elmira, N. Y. 

Maurice Burnston, TAPPI 

C. E. Brandon, Chairman, Testing Division 


A new member of the committee is Perey Cox of Consoli- 
dated Water Power & Paper Co. 

Minutes of the previous meeting were accepted as published. 

Subcommittee reports were as follows: 


I. Friar Crusu, H. G. Nelson, chairman: Mr. Nelson 
commented on a tenative write-up of the flat crush method 
which had been submitted by Hugh Johnson. It was the 
consensus of the committee that this method should be 
rewritten to be more specific as the chairman pointed out 
that these methods were mainly intended to be used as 
referee methods and as such should definitely spell out as 
many things as possible. 

The subcommittee chairman will therefore rewrite this 
method incorporating the suggested changes and circulate it 
among the subcommittee members for comment and unofficial 
ballot. 

The revised procedure will then be sent to the committee 
secretary who will have it circulated to the full committee 
prior to the next meeting. The committee members can 
then be familiar enough with the procedure to discuss it in 
detail and approve a final draft to be sent out for letter 
ballot. 

Mr. Brandon, chairman of the Testing Division, stopped 
in for a visit, and the matter of letter ballots was brought up 
to him. He promised to get clarification on: (1) whether 
8/4 of voting members or °/, of all committee members was 
necessary to approve a Standard, and (2) whether it would be 
proper to put a not voting space on a letter ballot in addition 
to the affirmative and negative spaces. 

Mr. Brandon also suggested that if a revised method is an 
improvement over the present method, although there were 
still major points of conflict, the new method should be put 
through, incorporating the changes that were acceptable and 
not changing the controversial points. These could then 
be changed in the future when the conflicts were resolved. 

II. Bursr Trsr, A. V. Grundy, chairman: Mr. Grundy 
requested Mr. Knapp to give the committee report. 

Mr. Knapp stated that the round robin, that had been 
talked about in the last meeting, to determine the difference 
between new and old type diaphragm and plate had not 
gotten under way as yet but that he had had correspondence 
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) with Mr. Bicking of the Statistical Committee on the proper 
| design of this experiment and had settled on the proper num- 
| ber of samples. 

te It was decided that the clamping pressure would be as used 
| in each individual laboratory but that it would be defined 
| by that particular laboratory. One sample of double wall 
| would be used (either 275 or 350 Ib.) and the flute to be used 
_ would be at the discretion of the task force. 

| The tentative method of test for bursting test for liner 
_ board would have the scope changed to exclude corrugated 
board and solid fiber. This method would then be sent to 
the committee secretary who would have it sent out to the 
full committee for comments. 

III. Compression Test, Ked Martin, Chairman: Mr. 
_ Martin stated that his committee’s revision had been sent 
' out to the committee several times and had never received 
sufficient affirmative votes to be approved. The main objec- 
tions being fixed versus floating platens, 180 or 90° bend, 
number of tests and the scope of the test. 

The chairman stated that the old standard was dated 
November, 1945, and should be brought up to date. He 
mentioned again that TAPPI Standards are referee methods 
only and as such need not comply with each individual 
laboratory’s operating procedure. 

It was decided to rewrite the old standard, incorporating 
only those changes that had very little opposition and make 
necessary editorial changes. This method together with a 
letter of explanation stating that the method is old and needs 
certain revisions to bring it up to date will be sent to the 
Secretary and he will have the revised standard sent out to 
the committee for letter ballot. 

The chairman pointed out that a method used for years 
does carry a lot of weight because of test history and famili- 
arity of many people with the test. If we can use the old 
method as a basis making necessary changes slowly as needed 
without completely revising the tests we can perform a service 
to the industry without causing undue confusion. 

The chairman reported on the status of the methods under 
the jurisdiction of this committee which are mainly the 
methods in the 800 series. In many instances ASTM has 
later methods than we have and we should review these 
ASTM methods to see if we should adopt their revisions. 

Mr. Clark then introduced the new chairman, A. W. 
Hoffman, who then appointed the new vice-chairman, G. C. 
Lecky, and the new secretary, J. J. Kipnees. 

Mr. Hoffman appointed a task force of C. Root, chairman, 
W. B. Lincoln, Jr., and K. Wolvin, to review ASTM drop, 
puncture and drum tests to see if they could, with minor 
revision, be sent out to the committee as a letter ballot for 
acceptance as TAPPI Standards. 

Another task force consisting of H. Seibel, chairman, G. 
Maltenfort, and C. Zusi, are to do the same for the ASTM 
Standards on conditioning of paperboard and_ containers. 
The chairman was to contact the division chairman, Mr. 
Brandon, to see if the ring crush test came under the jurisdic- 
tion of our committee. 

Mr. Hoffman then thanked Mr. Clark for ane good work 
he had done as chairman of the Container Testing Committee 
and Mr. Clark was given a rising vote of thanks by the 
members of the committee. 

The next meeting will be in Toronto, Canada, Oct. 10-13, 
1960. 


Meeting was ad journed at 12:30 p.m. 
G. C. Lecxy, Secretary 


Local Section Operations Committee 


The Local Section Operations Committee met on Feb. 24, 
1960, in the East Ball Room Parlor of the Hotel Commodore, 
New York, N. Y. The meeting was called to order by J. W. 
Field at 4:00 p.m. The following were in attendance: 
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. Bersano, Italian Section 

. D. Boggess, Indiana District, Ohio Section 

. K. Boger, Jr., Delaware Valley Section 
. Chase, Maine-New Hampshire Section 

. Eberly, Indiana District, Ohio Section 

. Field, TAPPI Staff 

. Flick, Southeastern Section 

. Kroeschell, Kalamazoo Valley Section 
wis, New England Section 

. Miller, Virginia-Carolina Section 

. Nethercut, TAPPI Executive Secretary 

. O'Neil, Empire State Section 
ge, Eastern District, Empire State Section 
. Perry, Ohio Section 

. Poor, Maine-New Hampshire Section 

. Saindon, Jr., Delaware Valley Section 
mir “Theriault, New England Section 
J. W. Wendall, Jr., Eastern District, New England Section 


Eas 


a eS SO LUE oad et Cai 
aes 


Faxu Tour or Dr. StocKMAN 


Mr. Field read a telegram from Norval Magnusson, chair- 
man of the Pacific Section, which stated that Dr. Lennart G. 
Stockman of the Swedish Cellulose Industry Central Labora- 
tory would be speaking at the Pacifie Seminar Sept. 19-23, 
1960. A tentative speaking schedule to propose to Dr. 
Stockman was set up as follows: Delaware Valley Section, 
September 16; Pacific Seminar, September 19-23; Golden 
Gate Section, ?; Empire State Section, Central District, 
September 30 or October 7; Ohio Section, October 4 or 6; 
Southeastern Section, October 7 or September 30. It was 
agreed that other sections not represented at the LSO meeting 
might be worked in. 


PEeriTion oF THE GOLDEN Gate Disrricr FOR SECTION 
STATUS 


The petition of the Golden Gate District of Pacific Sect tion, 
along with the supporting letter from the chairman of the 
Pacific Section, was read to the committee. This material 
is contained in Exhibit A of these minutes. 

Mr. Flick moved, seconded by Mr. Lewis, that the Golden 
Gate District of the Pacific Section be accorded Local Section 
status. The motion was passed unanimously. 


SPEAKERS 


Considerable discussion took place. as to what services 
National Headquarters might provide in regard to speakers 
for local programs. The group was unable to reach any 
degree of unanimity on a number of suggestions, among 
which were: (1) to provide a speaker, or speakers, to make 
national tours during the year, and (2) to provide a rating 
service of speakers who appeared at Local Section meetings. 

It was generally agreed by the group, therefore, that 
TAPPI should continue to publish at frequent intervals, a 
list of speakers which had appeared at Local Sections without 
any attempt at rating them. Further, when a group did 
have an exceptional speaker, they would communicate this 
information informally to TAPPI Headquarters with the 
thought in mind that these men could then be recommended 
to other groups when, as, and if requested. 


Review or Recent TAPPI Execurive Commitrer ACTION 


A statement of Association policy on rebates (appended 
hereto as Exhibit B) as adopted by the TAPPI Executive 
Committee at their February 21 meeting was distributed to 
members of the Local Section Operations Committee. 

It was next announced that the Executive Committee had 
voted to retain Fuller, Miele, Inc., as professional counsel on 
member relations and information. Appendix C outlines 
the scope of this program. 

Mr. Nethercut announced the appointment of J. W. Field 
as Local Section Assistant by the Executive Committee. 
In this capacity, he serves as an official contact between the 
local sections and National TAPPI. 

Mr. Nethercut also stated that Executive Committee 
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members had been urged by TAPPI President James R. 
Lientz to make a determined effort to attend Local Section 
meetings in their areas. 


Locat Secrion Prosecr Funp 


The group was reminded by Mr. Field that a special fund 
exists for section activities in situations where the section 
cannot itself underwrite the cost. Requests for such monies 
should be directed to his attention at TAPPI Headquarters. 
Mr. Nethercut cautioned the group that requests should not 
be made to pay the travel expenses of speakers who could 
very well obtain the necessary finances from their companies 
or institutions. 


Locau SecTION PUBLICITY 


The new Local Section Newsletter was called to the atten- 
tion of the group, as was the new Association Newsletter. 
Mr. Field stated that the section publicity chairmen were 
generally to be complimented on their efforts in providing 
material both for Tappi and the trade press but that several 
groups were still behind in their efforts. 

Mr. Eberly moved for adjournment and was seconded by 
Mr. Perry. The meeting was declared adjourned at 5:10 
p.m, 

J. W. Frewp, Local Section Assistant 


Exhibit A 


Mr. John A. Hartsock, Chairman 
Golden Gate District, TAPPI 
1601 Las Plumas 

San Jose, California 


Dear Mr. Hartsock: 


The Executive Committee of Pacific Section TAPPI at its 
November, 1959, meeting unanimously approved and agreed 
to support the desire of the Golden Gate District to petition 
for Section status. This action is recorded in the minutes of 
our Executive Committee dated November 17, 1959. 

The ‘Manual for the Guidance of Local Sections of TAPPI” 
describes clearly the steps for organizing a new section but 
does not cover the steps required for a recognized ‘‘District’’ 
to obtain a charter as a separate Section. If there is any 
additional information or support that your group would like 
from Pacific Section, please let us know and we will help in 
every way possible. 

Speaking for Pacific Section, we would like to congratulate 
you and the members of your District on the progress you 
have made and the aggressive programming you have under- 
taken. We feel that as a Local Section you will be able to 
serve your members even better and to more fully further 
the purposes of TAPPI. 

Yours very truly, 
Norvat Maanusson 
Chawrman 


PETITION FOR A SECTION CHARTER FOR THE GOLDEN GATE 
District oF THE Pactric Section or TAPPI 


To: Mr. James R. Lientz—President of the Technical Associa- 
tion of the Pulp and Paper Industry 

We, the undersigned, representing the membership of the 
Golden Gate District of the Pacific Section of TAPPI, sub- 
mit the following, in line with Article XII of the Constitution: 

Whereas, the Golden Gate District was organized under 
the sponsorship of the Pacific Section of TAPPI October 8, 
1957, and held its first meeting October 8, 1957 

Whereas, the Golden Gate District has a membership of 
147 dues paying members for the 1957-58 term and 170 
dues paying members in 1958-59 

Whereas, the 11 programs presented by the Golden Gate 
District have been well attended, averaging 105 persons per 
meeting 
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Whereas, the membership is composed of persons con- 
cerned with the technical aspects of paper and its use and who 
are engaged in manufacture, converting, and related indus- 
tries 

Whereas, the Golden Gate District is financially solvent, 
has operated at all times on its own funds, excluding the 
standard initial grant of $100 from National TAPPI, and 
having at the present time a cash balance of $344.55 

Therefore, Be it Resolved, the Golden Gate District 
Executive Committee unanimously desires this petition to be 
considered and granted. 

John A. Hartsock 
Chairman 


Hurron W. THELLER 
Vice-Chairman 


Haroup A. HARVEY 
Secretary-Treasurer 


Watrer R. BRANDT 
Recording Secretary 


Dubey F. Courcu 


Hyman L. RAMMER 
Wayne H. KuEFNER 


Exhibit B 


The following statement on local section rebate policy was 
approved by the Executive Committee at its Feb. 21, 1960, 
meeting. 

1. That national TAPPI retain as written Article XII, 
Section 4, of the TAPPI Constitution which reads as follows: 

“Each local section may receive annually for local use such 
portion of the annual dues of its members as may be author- 
ized by the Executive Committee, said amount not to exceed 
10% of the paid association membership dues for the then 
current year of the members of the section.” 

2. That the Executive Committee authorize the rabate 
to be $2.00 on the current dues basis. 

8. The authority for determining membership shall rest 
with the Local Sections with the exception that rebates be 
authorized by the executive secretary on the basis that: 

a. The rebate claim by the Local Section is for a member 
of national TAPPI in good standing. 

b. The member’s rebate is not requested by another 
section which, in the opinion of the executive secretary, has 
a more appropriate claim. 

c. In the opinion of the executive secretary the member 
listed is receiving some service, however small, from the Local 
Section. 

4. In the event of conflicts between sections relative to 
rebates, the conflict should be resolved, if possible, by the 
Local Section Operations Committee. Failure to resolve 
conflicts at the Local Section level will be resolved by the 
Executive Committee upon the recommendation of the 
executive secretary. 


Exhibit C 


The Executive Committee of TAPPI approved Feb. 21, 
1960, the appointment of Fuller, Miele, Inc., New York, N. Y., 
as professional counsel to conduct a continuing member 
relations and information program for the Association. 

This is the same organization which handled publicity 
activities for our 1959 Fall Conferences, and wrote and pro- 
duced our recently published career brochure. Currently, 
on a special contract, they are also responsible for press 
coverage of the Annual Meeting. 

To acquaint you with the scope of the member relations 
program which Fuller, Miele, Inc., will undertake, we are 
listing below the objectives of this program and the means 
by which these objectives will be attained: 
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OBJECTIVES 


1. To provide greater recognition for the accomplishments 
of TAPPI members. 

2. To achieve greater recognition and acceptance of the 
Association by paper company executives. 

3. To promote better understanding of TAPPI’s objec- 

tives by its own members. 

4. To increase the membership of TAPPI. 

5. To publicize more widely the activities of the TAPPI 
committees and local sections. 

6. To help recruit technical graduates to the pulp and 
paper industry. 


ACTIVITIES 


1. Publicizing all National meetings to be held during 
1960. This includes preparing the distributing releases to 
the home towns of all authors and chairmen, advance releases 


-— to newspapers in the meeting city, supplying “‘blank”’ releases 


for use by members attending meetings, providing special 
advance releases to the trade press, wire services, newspapers, 
alumni, and technical journals, as well as daily coverage of 
the local press during meetings. 

2. Assisting in the preparation and publication of such 
TAPPI literature as: 


conference programs 

division and local section manuals 
annual report 

research report to company members 
membership promotion literature 
career guidance material 
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3. Maintaining trade press relations with all technical 
and industrial media interested in TAPPI’s activities. 
4. Promoting interest in and publicizing such special 
activities as the TAPPI project appropriations. 
5. Publicizing all important decisions and significant 
activities undertaken by TAPPI itself or by its members. 
6. Assisting in the preparation of publicity releases for 
magazine. 
7. Publicizing special publications produced or distrib- 
uted by TAPPI. 
8. Assisting local sections in publicizing their meetings. 
9. Assisting in the development of a speaker’s program 
for TAPPI. 
10. Undertaking special projects whenever a problem or 
opportunity appears. 


Mechanical Engineering Committee 


A regularly scheduled luncheon meeting of the Mechanical 
Engineering Committee was held on Feb. 22, 1960, in Parlor 
“BB” of the Hotel Commodore, New York, N. Y. 

The following were present: 


Members 


C. W. Cassell, C. W. Cassell Associates 

J. W. Crocker, Stone & Webster Engineering Corp. 

R. T. DePan, H. F. Ferguson Co. 

F. C. Duvall, Black-Clawson Co. 

_ A. Fasoli, C. H. Dexter & Sons, Inc. 

_H. Goldsmith, Dominion Engineering Co., Ltd. 

_C. Harper, Rice Barton Corp. 

_E. Hill, West Virginia Pulp & Paper Co. 

_M. Hutchins, Rust Engineering Co. 
eee 
eulas 
AG 
EL 
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Ingraham, Charles T. Main, Inc. 

Merriss, Oxford Paper Co. 

Moore, Black-Clawson Co. 

. Mordo, Stone Woodward Co. 

_S. Mudgett, Strathmore Paper Co. 

._M. Piette, Union Bag-Camp Paper Corp. 
_G. Printz, Manchester Machine Co. 
_H. Spencer, Torrington Co. 

HO: 
WA, 


HOSS WOU 


Starkweather, Ebasco Services, Inc. 
Taska, Clark & Vicario Corp. : 


= 
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Visitors 


T. N. Busch, International Paper Co. 

D. R. Dalzell, Jr., E. D. Jones Corp. 

George Dlesk, Packaging Corp. of America 

F. P. Ford, Rice Barton Corp. 

G. W. Lang, Patton Manufacturing Co. 

J. E. Perkins, Black-Clawson Co. 

William Pittam, Stone & Webster Engineering Corp. 
8. C. Williams, Dominion Engineering Co., Ltd. 


The meeting was called to order at 1:30 p.m. by Chairman 
Mudgett, followed by self-introduction of all those present. 

The first order of business concerned the program for the 
15th Engineering Conference to be held at Robert Meyer 
Hotel, Jacksonville, Fla., Oct. 24-28, 1960. 

C. E. Hill, chairman of the Paper Manufacturing Sub- 
committee, reported that the list of papers to be sponsored 
by this group has been established as follows: 

1. ‘Uniform Nip Loading Control of Machine Calenders,” 
J. E. Perkins, Black-Clawson Co., and Mr. Luebke, 
Marathon Corp. 

2. ‘Machine Calender Roll Crowns and Pressure Distribu- 
tions,’ Dr. Jerome W. Riese, Kimberly-Clark Corp. 

3. ‘Mechanical Design and Installation Requirements of 
Trailing Blade Coater Equipment,’ J. P. Munton, Rice 
Barton Corp. 

4. ‘Presentation of Data Sheet on Vacuum Requirements 
and Suggested Standards for Measuring Vacuum,” 
Fred A. Taska, Clark & Vicario Corp. 

R. T. DePan, chairman of the Pulp Preparation Subcom- 
mittee, reported that a paper sponsored by this group is 
currently under preparation. “This paper will be presented 
by someone from E. D. Jones Corp. The tentative title 
will be: “Comparison of the Relative Effects of Various 
Types of Refining Equipment.” The name of the author, 
the exact title, and an outline of the subject will be available 
in two or three weeks. 

Chairman Mudgett advised that R. W. Brown has found it 
necessary to resign as chairman of the Finishing and Con- 
verting Subcommittee due to the pressure of other duties. 
The members were requested to submit their suggestions for 
a possible chairman of this subcommittee. 

Chairman Mudgett will attend to sending copies of the 
“Guide for the Preparation and Presentation of Papers” to 
each of the prospective authors, as well as the schedule for 
submission of material. 

P. H. Goldsmith, chairman of the Data Sheets Subcom- 
mittee, reported that the following data sheets sponsored by 
the Mechanical Engineering Committee are in process and 
will be available for publication in the near future: 

1. Vacuum Factors for Paper Machines. 

2. Recommended Standard Method for Measuring Vacuum. 

3. Baromatic Leg Design. 


The following suggestions for data sheet subjects were 
deemed to be outside of the scope of this committee and were 
referred back to the Data Sheets Committee: 

1. Stock Retention Time for a Continuous Bleach Plant 

2. Beater, Jordan, and Refiner Comparisons. 

3. Sizing of Spray-Type Sulfur Burners 

In answer to a question, Mr. Goldsmith explained that data 
sheets, or data sheet material, emanating from the subcom- 
mittees, should be directed through the vice-chairman to the 
Data Sheets Subcommittee. This is in accordance with the 
Engineering Division Policy Manual. 

Chairman Mudgett pointed out the urgent need to plan a 
program for the 16th Engineering Conference to be held in 
Washington, D. C. in 1961. He called upon all members 
to submit suggestions for appropriate subjects for future 
papers and projects. He also requested that each member 
give serious consideration to the possibility of personally 
presenting a paper on a subject with which he is conversant. 

It was agreed that an interim meeting should be held in 
the late spring—time and place to be decided later. 

Meeting adjourned at 2:10 p.m. 

J. C. Harper, Secretary 
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Plastics Committee 


A meeting of the TAPPI Plastics Committee was held at 
TAPPI Headquarters in New York City on Monday, Jan. 11, 
1960, at 10:00 a.m. 

The following members and guests were present: 


W.N. Stickel, Chairman, Texon, Inc., South Hadley Falls, 
Mass. 

H. F. Arledter, The Mead Corporation, Chillicothe, Ohio 

H. F. Foxlee, Union Carbide Plastics Co., New York, N. Y. 

H. W. Fritts, Aleoa, New Kensington, Pa. 

P. J. McLaughlin, Rohm & Haas, Philadelphia, Pa. 

Fritz Rosenthal, Knowlton Bros., Inc., Watertown, N. Y. 

R. L. Savage, Naugatuck Chemical, Naugatuck, Conn. 

V. T. Stannett, College of Forestry, Syracuse, N. Y. 

R. C. Sturken, Frank W. Egan & Co., Somerville, N. J. 

C. J. Waechter, Waldron-Hartig, New Brunswick, N. J. 


The selection of a chairman for Task Force No. 586 was 
discussed. Several names were suggested and the chairman 
will contact them before the next meeting. Chairman 
Stickel pointed out that if there is no interest among the 
present members of the task force either in volunteering for 
the chairmanship of this task force or in assisting in obtaining 
one, there is little else to do, but disband the task force. 
Each member had been contacted individually by Chairman 
Stickel before the meeting, but no one would accept the 
appointment. 

The following progress report was offered by R. L. Savage, 
chairman of Task Force No. 784—Resin Identification and 
Content: 

1. Literature Survey: Numerous articles dating back to 
1940 have been reviewed. ASTM methods and Naugatuck’s 
procedures have also been studied. 

2. Qualitative Analysis: Based on the above survey, a 
modification of ASTM method D 833-46 T appears to be 
the most suitable procedure. This method requires extrac- 
tion of the polymeric material from the base paper. The ex- 
tract is then identified by spot tests. Confirmatory tests 
involving pH reactions of the polymer’s pyrolysis products 
are also included in this procedure. 

Preliminary tests on GR-S and nitrile rubber saturated 
paper using this procedure have been quite successful. 

3. Extraction Procedure: In the quantitative analysis of 
resin and elastomer treated papers, complete extraction of the 
polymer is required. In the case of aged papers, or where 
cross-linking agents have been used, quantitative extraction 
is difficult. 

Three procedures are being evaluated by our Analytical 
Group: (a) prolonged Soxhlet extraction with benzene: 
(b) extraction with di-isobutyl ketone and tert-butyl hydro- 
peroxide using osmium tetroxide as a catalyst; (c) removal 
of the cellulose from the resin by digestion with 71% hot 
sulfuric acid—the fiber content is then determined colori- 
metrically with anthrone reagent. 

4. Quantitative Analysis: To date, a satisfactory method 
of analysis by “wet methods” has not been determined. 
ASTM and other known procedures are not reliable unless the 
exact monomer ratios of the latices are known. Considerably 
more work is required on this phase of the project. 

Accurate analysis can be made with a minimum of time 
and effort, however, by infrared techniques. A complete 
scheme of analysis including extraction procedures and cali- 
bration curves will be compiled for the report to be made in 
February. 

Most of the above procedures are for the analysis of syn- 
thetic rubbers in paper products. R.N. Campen of Colton 
Chemical has been contacted for help in setting up procedures 
for determining PVA and other water-soluble resins. This 
work will also tbe included in the February report if pos- 
sible. 
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The following progress report was offered by Fritz Rosen- 
thal, chairman of Task Force No. 785—Internal Bond Tests: 

“The objective of this project has been clarified in that 
it involves the selection of one test procedure out of the 
following three procedures: (a) the “Mullen Method,” 
described and used by Texon, Inc.; (b) the ‘‘Peel-Tensile 
Method,” described and used by Naugatuck; (c) the 
“Straight-Tensile Method,” described and used by Knowlton 
Brothers. 

These methods are also described in Tappi 40: 311-313 
(May, 1957), and in Tappi 40: 676-680 (Aug., 1957). 

A questionnaire has been prepared to be sent to members 
of the Plastics Committee and those attending committee 
meetings last February. The purpose of the questionnaire 
is to solicit expressions on preference and perhaps obtain 
information on still other test methods for internal bond 
strength. Hope was expressed that the response to this 
questionnaire can be reported at the Plastics Committee 
meeting on February 22. i 

The selection of a chairman for Project No. 625 was dis- 
cussed and several candidates were proposed. The chairman 
will contact them before the next meeting. 

V. T. Stannett presented a written proposal for a project 
on “the Properties of Grafts on Cellulose and Cellulose Deriva- 
tives.” After a brief discussion it was decided that Dr. 
Stannett would rewrite the proposal with several changes 
suggested by the committee members and it would be pre- 
sented at the February Plastics Committee Meeting for 
Committee approval. 

A general discussion followed on the subject of Research 
Appropriations and the procedures for committee requests 
for same. 

The committee adjourned for lunch and reconvened at 
2:00 p.m. 

A general discussion followed on the subject of the 15th 
Plastics-Paper Conference Program. 

W. N. SrickEe., Chairman 


EMPLOYMENT SERVICE 


The rates per issue for Positions Open advertisements in Tappi 
are as follows: 


Per line $ 3 
1/16-page Box $ 50 
1/8-page Box $ 80 
1/4-page Box $125 


PosITIONS WANTED 


490-60. Chemical Engineer with 21/, years experience in pulp 
production and quality control. Worked as chief chemist and 
in charge of production control. Has plant and laboratory ex- 
perience in several chemical industries. 


E491-60. New Product Development Supervision—Wide ex- 
perience on specialty paper products, building materials, indus- 
trial insulations and electrical grade papers—organic and inor- 
ganic materials for high temperature use. B.S. 1950. Location 
Hast Coast, Middle Atlantic States preferred. 


Positions OPEN 


Chemical sales service representative to call on New England 
paper mills for established chemical company. Reply giving 
education and background to P974-60, Tappi, 360 Lexington 
Ave., New York 17, N. Y. 
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SALES ENGINEER 


Unusually fine opportunity for a technically qualified sales- 
man who has sold to paper mills or who has had paper mill 
experience. 


The man selected for this position must be able to apply 
his knowledge of paper making and coating to the sale of 
specialty starches for all such applications. 


The position holds excellent promise for advancement with 
a progressive company in an expanding program. 


Salary open—based on experience and education. 


Your inquiry with full résumé will receive immediate 
confidential attention. Reply to P959-60, Tappi, 360 
Lexington Ave., New York 17, N. Y. 


CHEMICAL ENGINEERS 


Recent promotions in our Technical Department have re- 
sulted in openings for Chemical Engineers. We prefer two 
to four years experience in our own or allied industries but 
experience in other fields will definitely be considered. 
Due to our continued expansion, we feel that there is full 
opportunity for professional growth for anyone joining our 
Technical Department. Our plant is located in South- 
eastern North Carolina, near several beaches and other rec- 
reational facilities. Salary commensurate with experience 
and ability. Write to 


Personnel Department 
Riegel Paper Corporation 
Carolina Division 


Acme, N. C. 
(P968-60) 


RESEARCH ENGINEERS 


Make a LIFE as well as a LIVING by taking part in 
some of the most fascinating developments in PAPER 
TECHNOLOGY while you and your family reside near 


Fine Universities and Schools 
Cosmopolitan Cities 
Favored Vacation Areas 


Live in the city or in the country—they are both 
nearby. 


The highly confidential nature of these intriguing de- 
velopment positions prevents any disclosure here. 
We can only describe them to you in person. 


Tell us about YOUR experience—qualified candidates 
will be invited to visit us at no expense and at a time 
which is most convenient for YOU. 


Your inquiry will be handled in the most confidential 
and professional manner. 


Our Research and Development personnel have been 
informed about the placement of this ad. Reply to 
P970-60, Tappi, 360 Lexington Ave., New York 17, 
N. Y. 
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EXCELLENT OPPORTUNITY FOR 


Technically trained man for market development 
of specialty and technical papers. Sales experi- 
ence preferred, but not necessary. Must have 
ability to carry out contacts at all organizational 
levels. 


Send résumé to: 


Personnel Department 

P. H. GLATFELTER Co. 

Spring Grove, Pa. 

Phone—Spring Grove 3216 
(P971-60) 


KIMBERLY-CLARK 
CORPORATION 


NEEDS 


RESEARCH SCIENTIST 


LOCATION— Research and Development Center, Nee- 
nah, Wisconsin 


EDUCATION—Prefer man or woman with Ph.D. in Chem- 
istry, Physics or Ch.E. Should have in- 
terest in Biology, Biochemistry, Physiol- 
ogy or related subjects. 

Will consider B.S. or M.S. if experienced 
in product design. 


NATURE OF WORK—Applied research with special 
emphasis on the development of new 


products. 

SALARY— Commensurate with training and experi- 
ence. 

WRITE— For additional information to:— 


Russell J. Piltz, 

Manager, Personnel Procurement 
PERSONNEL DIVISION 
KIMBERLY-CLARK CORPORATION 
NEENAH, WISCONSIN 


All replies confidential 
(P972-60) 


CHEMIST 


eS 


For applications research on chemicals for new bleaching procedures 
and new or improved pulping processes. Challenging opportunity to 
apply theoretical and practical background for development of new 
and improved methods and for solving important customer problems. 
Includes research laboratory work and contacts with customers. Prefer 
applicants with 1 to 10 years experience in paper or cellulose chemistry. 


Complete benefit plans. Location in Central New York near the at- 
tractive Finger Lakes Area, the Adirondack Mountains, and the Thou- 
sand Islands. 


Send detailed résumé indicating salary requirement to: 


Central Personnel Office 
Solvay Process Division 
Allied Chemical Corporation 
Syracuse 1, New York 
(P973-60) 
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DESIGN PROJECT ENGINEERS 


Outstanding opportunity for graduate Mechanical En- 
gineers with a minimum of 5 years’ experience. 
Complete responsibility for the design and development of 
machinery and equipment to be manufactured and sold by 
the Bolton-Emerson organization. 
Scope includes experimentation and evaluation in fully 
equipped pilot plant and laboratory, basic design, prototype 
and final design. 

PULP AND PAPER RESEARCH CENTRE, INC. 


G. H. de Reus, Chief Engineer 
P. O. Box 780, Lawrence, Mass. 


Very truly yours, 


PULP & PAPER RESEARCH CENTRE, INC. 
Affiliate of John W. Bolton & Sons, Inc. 


(P975-60) 


Opportunity for experienced paper chemist in an expanding program of 
starch development and technical sales service to the paper industry. 
Experience with coatings and surface sizing desirable. Excellent 
company benefit program and advancement opportunity. Location— 
Keokuk, Iowa. Send résumé to: 

Technical Sales Service Department 


The Hubinger Co., Keokuk, Iowa 
(P976-50) 


PAPER COATING LABORATORY 


Excellent opportunity for man with 4 to 12 years’ experience in formulat- 
ing decorative or functional coatings. Prefer chemist with strong back- 
ground in use of latex, resins, or colored pigments in air knife coatings. 
Modern plant and laboratory. Our employees know of this ad. Appli- 
cations held in confidence. Write briefly to P977-60, Tappi, 360 
Lexington Ave., New York 17, N. Y., and we will send full particulars 
if you qualify. 


CHEMIST 


or 
CHEMICAL ENGINEER 
WANTED 


Graduate, with three to five years’ experience in the pulp and paper in- 
dustry, for an integrated bleach kraft pulp and specialty paper mill. In- 
volves work in mill control and/or process control and development. 
Opportunity for a competent and ambitious man to advance to positions 
of greater responsibility. Excellent benefits and good starting salary. 
Please furnish complete particulars as to experience, education and ref- 
erence to: P978-60, Tappi, 360 Lexington Ave., New York 17, N. Y. 


ASSISTANT 
PAPER DEPARTMENT 
SUPERINTENDENT 


Attractive present and future prospects with New York 


and Penn. Extensive experience required on operating 
and production problems with machines making broad 
range of lightweight printing and converting grades. 
Paper and pulp school or engineering education pre- 
ferred. Confidences respected. 


Apply to Division Manager 
NEW YORK & PENNSYLVANIA CO., INC. 


Lock Haven, Pa. 
(P979-60) 
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. .. WANTED... 


For One of Our Oldest and Most Highly Respected 
Mfgrs. of 


TECHNICAL & INDUSTRIAL SPECIALTY PAPERS 
PROD. ASST. to the MFG. V. P. 


_ $10,000 to $12,500 start 


Client mill, whose motto is ‘‘Craftsmanship In Specialty Papers,’’ offers a 
most unusual opportunity to a technically educated, practically oriented pa- 
permaker with proven management capacity who aspires to become a true 
craftsman of his trade. 


Ideally, our man will be 35-45, with ten years or so experience in four- 
drinier operations making fine, medium fine or specialty grades. Prefera- 
bly, his degree will be from an accredited papermaking school. 


As Production Assistant to the Manufacturing Vice President, he will first 
familiarize himself with the mill, its products and operating procedures. 
He will then begin to assume administrative responsibilities covering all 
aspects of manufacture, with especial emphasis on production supervision. 
Ultimately, he may become general superintendent of a team noted in pa- 
permaking circles for its ‘‘technical know-how and scientific know-why, 
implemented by extensive research and pilot plant facilities’’—a team that 
has built the equipment, processes and personnel to make specialty “‘tail- 
or-made”’ papers in a variety, and from a variety of raw material, scarcely 
equalled anywhere in the world. 


Make initial inquiry in writing to G. M. Sunday personally, enclosing pic- 
ture and comprehensive résumé covering vital statistics, education and 
chronological treatment of background and experience. Full confidence 
guaranteed. Telephone conference will follow, at which time full details 
will be revealed and arrangements made for personal interview at client's 


SUNDAY, INC. 


Personnel Consultants to Management 
Pulp, Paper and Allied Industries 


6 East Monroe Street Chicago 3, Ill. ANdover 3-1970 
(P980-60) 


Senior Systems 
Application Engineer 


PULP AND PAPER SPECIALIST 


We are seeking a chemical engineer with 
a minimum of five years’ combined experi- 
ence in the fields of process instrumentation 
and pulp and paper, to work as a systems 
engineer specializing in our pulp and paper 
accounts. 


In addition to .a bright future, we can 
offer an excellent salary plus better-than- 
average company benefits. 


Please send résumé, complete with salary 
requirements, to T. W. McKinley, Assist- 
ant Personnel Director. 


FISCHER AND PORTER CO. 


County Line Road Warminster, Pa. 


(8 minutes from Pennsylvania Turnpike) 
(P981-60) 
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Verification Problems in Papermaking 


CHARLES A. LAMB 


Many fluid-mechanics problems exist in the pulp- 
and papermaking process. Those of greatest consequence 
center in the paper machine itself and have a great effect on 
paper quality as well as the production potential of the ma- 
chine. Once started, a machine will run continuously for days 
making rolls of paper from a fiber slurry that has an original 
consistency of from 0.1 to 1% by weight. Machines differ 
greatly in design, but have several common functional parts: 
(1) the filtration of a wet fiber web on a moving fine-mesh 
sereen, (2) mechanical pressing for additional water removal 
while on, or between, carrying felts, and (3) final drying by 
means of steam heated driers. Each of the many elements 
on the machine must function with a high degree of safety to 
insure that the process does not break down. 

The end objective of fluid-mechanics research is to im- 
prove the paper quality at a given production rate or to 
realize greater production at a given quality level. The over- 
all results must, of course, fit into a favorable economic pic- 
ture. The translation from basic laboratory work to final 
production application transcends a large number of variables 
that cannot be evaluated with a good degree of certainty. 
This has two principal effects on research work. Consider- 
able expense for pilot-plant equipment is justified. It is 
desirable that such pilot-plant equipment, and model com- 
ponents, be full scale in cross section and in operating speed. 
Fortunately, the prototype dimensions are such that duplica- 
tion of cross-sectional scale is quite practical; widths are re- 
duced considerably. 

The normal process-development procedure is from labora- 
tory theory and model work, to pilot-plant trials, then to 
prototype application. The quantity of work done in each 
phase is a balance between the increased precision that might 
be obtained and the risk in going to the next stage. It 
should be pointed out that the sequence of laboratory work, 
pilot-plant studies, and production application is based on 
the assumption that the overall objectives and problems in a 
development are well defined. This is not always true. In 
some instances, considerable time must be spent on prototype 
observations and pilot-plant trials, before a constructive over- 
all program can be established. 

Perhaps the best way to demonstrate the need for pilot 
plant components is to discuss briefly some of the more 
significant development difficulties and then present a specific 
problem example. 

The greatest technical problem lies in the poor knowledge 
of flow of fiber suspensions. Some references exist for special- 
ized flow conditions, but progress is slow because of the diffi- 
culty of making hydraulic measurements. The fibers hang 
up and agglomerate on the leading edges of measuring ele- 
ments and small-scale flow-control devices. Visual observa- 
tions are usually not feasible because of the opacity of the 
slurries. The problem is complicated further by the tremen- 
dous variation in the natural and synthetic fiber furnishes 
and the mixtures in which they are used. 

The fibers also enter into the dynamics of the filtration 
process. In this case the wire screen, with its partially de- 
posited layer of fibers, is an essential boundary geometry of 
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any flow analysis. Though the drainage relationships for 
such a boundary are complicated, sufficient data are avail- 
able for approximate analytical treatments (1, 2). The prob- 
lem differs from the more common porous-flow situations in 
a number of respects. - The web is compressible so that the 
resistance of a given pad is a function of the total driving force 
with the concentration of fiber per unit volume increasing 
throughout its thickness. In a strict sense, the compaction 
is not instantaneous, nor is it completely reversible. Work to 
date has been with relatively thick pads; this has yet to be 
extended to lighter webs where the screen has some effect and 
a sizable portion of the fiber fines are not retained in the 
web. 

A very important consideration, which is not altogether 
technical, is how the target of improved paper quality is de- 
fined. Uniformity of quality and uniformity of paper weight 
apply universally to all kinds of paper. Beyond these, each 
paper can, and usually does, have its own balance of desired 
qualities that are considered to be of greatest value to the 
ultimate user. The intangibles of product design, as well as 
technical problems in process development, strengthen the 
need for pilot plant equipment. 

A last overall consideration has to do with how improve- 
ments are applied to production machines. A very large 
part of increases in paper production is achieved by minimum 
rebuilds to increase the output of existing machines. Due to 
differences in vintage, machines are seldom duplicates. Thus, 
there is a uniqueness factor for each machine that must be 
considered in all stages from problem definition to possible 
compromises in final application. 


THE WET END OF A FOURDRINIER-TYPE PAPER 
MACHINE 


The particular example to be presented is ‘“‘spouting,” or 
“stock jump,’’ which can occur on high-speed fourdrinier-type 
paper machines. In the light of the previous discussion, 
it should be pointed out that spouting is not a universal prob- 
lem on all machines of this type nor is its problem aspect well 
understood. Thus, the following work was done primarily to 
help achieve a problem definition and point to possible ways 
of controlling the phenomena. 

A typical headbox, or inlet, and fourdrinier section of a 
book-paper or newsprint machine is shown in Fig. 1 in its 
simplest form. The widths of modern book-paper machines 
run to about 20 ft. of newsprint machines to about 30 ft. 
The length of the flat part of the moving wire, or fourdrinier 
section, might be up to 65 ft. Speeds of newsprint machines 
go to over 2000 f.p.m.; speeds for better grade papers are 
less than this. 

The inlet is a pressurized box that delivers a thin jet (about 
1/. in. deep) of dilute pulp slurry across the machine width. 
The inlet pressure is controlled within narrow limits so that 
the slurry velocity is substantially the same as the velocity 
of the endless wire-screen that is rotating around the four- 
drinier section. The function of the fourdrinier section is to 
dewater the slurry from its original consistency of 0.5 to 
0.8% to a consistency of about 18%. At 18% solids the 
fiber web has enough strength to support its own weight over 
a span of a few inches. Following the fourdrinier, the web is 
transferred to the press, or felt, section where endless felts 
carry and protect the web while it is mechanically pressed to 
consistencies of 35% or so. Steam-heated drum driers com- 
plete the drying of the paper. 


‘ 
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Slurry jet Poper web (18% solids) 
1/2 inch thick to press section 
~Stilling length — X 
Londing boords Woter removal Woter removal Perforatedirolt 
| ond grooved rolls Solid rolls Vacuum boxes Pansat) 
| A: Je ak 
Life 


Pressurized 
heodbox 


05 to 10% 
L_s solids 


Recirculated 
Fiitrate | 


Endless wire screen 
50 to 80 wires/inch 


Fiber addition 


L ES) 3% solids 


Fig. 1. Section of representative fourdrinier for book- 
paper or newsprint machine (distorted horizontal scale) 


Machines differ in detail but have three general functional 
areas on the fourdrinier. The slurry’is very free draining 
when it first lands on the wire screen and no deliberate effort 
is made to remove a great deal of water. The slurry is allowed 
a stilling length and the members under the wire are pri- 
marily to support the wire and remove free water that has 
drained to the underside of the wire. The longer middle 
section of the fourdrinier consists of “table” rolls that pump 
water out of the sheet; high vacuums exist in the leaving nips 
of the solid rolls. The water removal capacity of the rolls 
diminishes as the slurry thickens and a section of slotted 
stationary vacuum boxes is necessary for the last length 
of the wire. The slurry loses its wet appearance and becomes 
nonreflective before leaving the vacuum box area. 


Fig. 2. 


(a) Spouting after first solid table roll on 19-in. wide experimen- 
tal unit. Speed of 1500 f.p.m. headbox consistency 0.58% (1 
microsecond). 


(6) Different approach-flow conditions. 
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Fig. 3. Photograph of ridges rising from low streaks (3000 


frames per sec.), viewed from above 


SPOUTING ON THE FOURDRINIER 


Figure 2 shows spouting which is occurring after the first 
solid table roll. This is normally the inception point although 
it can oceur where the slurry jet hits the wire. Unless grooved 
rolls are very lightly grooved, they will not cause spouting; 
on the other hand they remove much less water than solid 
rolls. The differences between Figs 2(a) and 2(b), which 
show similar setups except for the approach flow, explain in 
part the inconclusive nature of past work or opinions on the 
mechanism of spouting. 

Many photographs of the phenomena exhibit an inversion 
pattern of the surface depth. Spouts rise from what were 
previously low streaks, or spots, in the flow approaching the 
roll. This pattern is easiest to distinguish when the flow has 
a predominance of ridges such as shown in Fig. 3. 

The suggested mechanism for spouting is shown sche- 
matically in Fig. 4. The region of roll wrap causes a growth 
in the magnitude of nonuniformities; for the sake of simplicity 
we will again consider them to be primarily of the ridge type. 
The most appropriate reference for fluid being accelerated 
away from its free surface is some work by Lewis and T aylor 
(3, 4). They find that the growth of disturbances due to 
the downward acceleration of the fluid is given by 


7 = cosh Na (91 — g) (p2 — pi) 


70 a q1 (pi + peo) 

where: 

nm = amplitude of initial disturbance 

X = wave length of initial disturbance 

s = downward displacement of the fluid 

g = acceleration of gravity 

g. = induced acceleration 

p1 = density of upper fluid 

p2 = density of lower fluid 


In the present case, the magnitude of the acceleration ratio 
. & . . . . . . 
is not significant because the acceleration of gravity is small'in 
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Fig. 4. Diagram of spouting mechanism 
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velocity 

drainage coefficient with a length dimension (higher & 
means more free draining) 

= roll radius 

= dynamic viscosity 

= drainage rate 


Region (1) —extent of roughness 
shown by solid (top of ridge) and 
dashed (bottom of ridge) lines 


Region(2)= Region (3)—nonuniformities 
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Taylor’s work has been substantiated by Burkhard and 
NR Ce see Wrist’s experimental measurements in a practical sense, even 
distance to next support though there are some questionable assumptions in the 
theoretical treatment (6). The relationship of Taylor’s 
theory with impingement angle indicates that spout inception 
would be fostered by increasing speed, increasing roll di- 
ameter, decreasing drainage resistance, or decreasing wire ten- 
Fig. 5. Diagram of headbox and catch-pan arrangement sion. The last of these, wire tension effect on spouting, is 
quite well established. 

The theories of the growth of nonuniformity and subsequent 
splash are both related to the amount of wire deflection. The 
possible variables that might be controlled to diminish wrap 
would also diminish the amount of water removal and 
lengthen the fourdrinier. The following tests were under- 
taken to verify possible means of control and to explore the 
mechanics of the two related fluid deflections. 


Negative pressure B 
deflects wire t) 


comparison to g:. Densities p; and p. are fixed with p, being 
negligible. On the basis of this equation, the total downward 
displacement and the original scale of the disturbance are the 
_ only items over which some control might be achieved. As 
an overall consideration, it is not possible for this region to 
cause any slurry to rise above its original horizontal trajec- 


tory. 
If the free surface approaching the point of wire release PILOT-PLANT FOURDRINIER TESTS 
_ from the roll were completely smooth, there would be no mech- j : ‘ 
anism for spouting. The impingement. of irregularities of The principal group of tests were made ona 19 in. wide, ex- 
i flow onto the released wire results in lateral velocity compo- perimental fourdrinier section. The section was too short to 
t nents that in turn collide and cause the spouts, or in simple make finished samples of paper at the sheet weights of present 


terms, splash. The inception of spouting could be expected 
| to depend on the angle of impingement, the velocity of the 
slurry, and the character of the approach flow that has now 
been modified by the preceding region. The geometry of the 
wire, which should be indicative of the impingement angle, 
can be described by considering a free body of the wire over 
the leaving nip. The upward components of the wire tension 
forces must be balanced against the pressure integration be- 
neath the wire plus the changes in vertical momentum of 
the slurry. Taylor (6) has published a theoretical basis for 
determining the pressure distribution in a leaving nip: 


max. nip vacuum = !/2 pV? 
kpRV 


nip length « 1/5 (at this value nip vacuum is max.) 


2 
q =) (0.500) 5 Ro? 4s 


in which the previously undefined variables are 


Fig. 7. Comparison of spouting character approximately 
18 in. downstream from table roll 


Fig. 6. Photographs of flow on completely sealed wire. (a) Growth of nonuniformities with sealed wire. Wire wrap 
(a) Plane wire. _ on roll—2°. 
(b) Table roll raised to give 2° of wire wrap on roll. (b) Normal type spouts. 
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interest. The web slurry from the wire was remixed with the 
filtrate and recirculated to the headbox. The recirculation 
of the long fraction of the fibers with the fine solids that pass 
through the wire prevented the selective building of fines that 
is characteristic of a continuous process. It was felt that this 
did not seriously affect the relative results of the tests. Ten- 
sion of the wire was held constant by means of a weighted 
stretch roll. 

The general test layout is shown in Fig. 5. The catch pan 
was located slightly upstream of the maximum elevation that 
the airborne slurry would achieve at speeds of 1500 to 2000 
f.p.m. 

A wire was completely sealed with four coats of Hypalon 
to check the limiting condition of infinite drainage resistance. 
The coating was quite flexible and did not materially stiffen 
the wire. No indication of spouting was observed with the 
wire running on a flat table. Hosing of large quantities of 
water into the entering and leaving nips had no noticeable 
effect on this stable flow condition. The solid table roll was 
then raised 1 in. which resulted in an artificial roll wrap of ap- 
proximately 2°. Comparison of these two conditions is 
shown in Figs. 6(a) and 6(b). Note that the wrap condition, 
which corresponds to only the downward acceleration over a 
normal roll, causes disturbance growth but no signs of an in- 
version. The scale and character of these nonuniformities 
are shown in Fig. 7(a); Figure 7(b) shows normal spouts at 
approximately the same scale. Some of the higher areas 
went off in almost a normal trajectory elevation. The im- 
mobility of the headbox structure made it impractical to 
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Fig. 9. 6-In. wide jet-deflection flume 
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maintain similar approach flow conditions on a more steeply 
sloped wire so further increments of wrap were not tested. 

A normal wire was then installed with the table again in its 
flat position. Runs were made at constant speeds with inlet 
consistency as the controlled variable. The determinations 
of airborne slurry resulted in the curves shown in Fig. 8. 
The 4-in. increments of the catch-pan opening were too 
coarse to give a significant distribution of the airborne frac- 
tions. No measurable slurry was obtained in even the second 
opening until the 500-cc.-per.-sec. level was reached. One 
hundred cubic .centimeters per second is equal to approxi- 
mately 0.25% of the headbox discharge. Each increment of 
0.1% increase in inlet consistency had a quieting effect on the 
jump equivalent to about 100 f.p.m. drop in speed. 

The effect of roll diameter was investigated by replacing 
the 13-in. roll with a 5-in. one. The 5-in. roll gave no measur- 
able jump within the speed range previously investigated 
with consistencies to less than half a per cent. The slurry 
immediately downstream of the roll was.observed to be quite 
“wild,”’ however. 


SMALL-SCALE MODEL TESTS 


It was not possible to isolate the impingement aspect of 
spouts on the test fourdrinier. This was done in a qualitative 
way by utilizing a simple jet-deflection flow section shown in 
Fig. 9. The top profile piece was selected on the basis of its 


simplicity as well as the fact that it is somewhat representative 


Fig. 10. Jets with deflection angle of 6°50’ (1 i itrosecond 
exposure; 0.04% coating-clay solids added for flow visual- 
ization) 


(a) 1500 f.p.m. 
(6) 2500 f.p.m. 
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of the flow approaching the end of the roll wrap. The 1-in. 


spacing of the teeth was of the same order of magnitude as 


some of the ridges observed in the earlier trials. The section 
was made quite close-coupled to minimize possible boundary- 
layer and edge effects. No separation was observed in the 
contraction, although some disturbance may have resulted 
from the three-dimensional flaring of the curve. 

The splash of the jet with an impingement angle of 6°50’ is 
shown in Figs. 10(a) and 10(b). (This angle is of the proper 
order of magnitude for our wrap considerations.) Several 
measurements were made for this condition. The quantity 
of water rising in the spouts was determined by holding a 
scoop down to the bottom of the spout at a point 1 in. from 
the end of the lucite section. The results are shown in Fig. 
11. Spout (b) was less symmetrical than the others. The 
tise angle of the spouts was determined from photographs. 
This angle was 9°37’ relative to the 6-in. bottom piece at 1500 
f.p.m. and 10°33’ at 2500 f.p.m. 

Downward deflection of the jet is shown in Fig. 12. At any 
downward angle the deflection of the top of the ridges was 
quite minor. . 


ENERGY DISSIPATION IN SPOUTING 


An important consideration in spouting is the possible 
energy loss that may result from the mechanism, The tests 
on the 6-in. flow section, with its simplified ridges, suggested a 
mechanism of energy exchange without an immediate con- 
sideration of internal losses in the slurry. A net loss in for- 
ward momentum of the slurry can occur even if the internal 
losses over the roll and through the splash are negligible. 
The energy, hence velocity, of the fluid can be constant, but 
the impingement of the ridges will result in part of the flow 
having significant lateral velocity components. The net loss 
in machine-direction momentum could be computed if the 
flow after impingement could be described in detail. The 
fourdrinier wire must then supply the energy necessary to 
bring the slurry back up to wire speed. 

Momentum losses can be computed from practical measure- 
ments, if one more step is taken. The quantity and upward 
velocity of the airborne slurry is the same as the lateral 
velocity pattern if the lateral flows collide with no internal 
losses, negligible surface tension restraint, and in a sym- 
metrical manner. The rise angles in the 6-in. flow section 
indicate that the rising fluid has lost 1.7% of its horizontal 
velocity component at 2500 f.p.m. The horsepower neces- 
sary to bring the airborne portion back to wire speed would 
be 0.005 hp. per ft. of width at 1500 f.p.m. and 0.022 hp. at 
2500 f.p.m. (this assumes all of the fluid is rising at the same 
angle). Values for the pilot plant test can be computed by 
using the maximum elevation of the spout trajectories. At 
the 600-ce.-per-sec. airborne-slurry level and 2000-f.p.m. 
sereen speed, a portion of the slurry had risen 6 in. and lost 
1.5% of its horizontal velocity. 


INTERPRETATION OF RESULTS 


The regions of nonuniformity growth and splash will be 
discussed separately before considering their composite. 
The tests to attempt a’ separation of the two occurrences were 
directed primarily at spouting after solid table rolls, but they 
are of more general application to instability on the four- 
drinier. For example, the rebound aspect can occur as an 1S0- 
lated case, if the jet from the headbox strikes the wire at too 
steep an angle. 

Growth of nonuniformities in a region of downward acceler- 
ation is perhaps an understatement. Some of the higher 
nonuniformities had very. little downward deflection when ob- 
served on the sealed wire test with 2° of artificial wrap. Nor- 
mal roll wrap at these speeds would be about three times this 
value (6). This was also substantiated through the obser- 
vations on the 6-in. flew section. The limited degree of flow 
deflection explains the second pressure peak of Burkhard and 
Wrist’s pressure profile measurements (6) through a roll nip. 
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Fig. 11. Discharge rising in spouts versus velocity—6°50’ 


deflection angle 


As the fluid becomes more loosely associated with the bottom 
surface, it causes less vacuum due to centrifugal force. 

An isolated splash could be obtained only in the 6-in. flow 
section. By necessity the approach flow was an idealized 
pattern being somewhat representative of true scale only in 
two dimensions. The rise angles of the splash and the frac- 
tions of airborne water were found to be quite constant in the 
1500 to 2500 f.p.m. range for a given impingement angle. 
This indicates that internal losses, surface tension, and gravity 
are of relatively minor importance. This conclusion should 
not be extrapolated to slurry on the wire without further 
studies. Fiber content in the fluid could cause a damping 
effect on the splash. Investigation of this aspect would have 
required additional refinements to the 6-in. flow section and 
measuring means. A comparison of the surface smoothness 
between the two cases showed appreciable differences; the 
approach flow in the 6-in. section had a very fine scale surface 
roughness. 

It is difficult to give any experimental proof that the air- 
borne fraction of the liquid has a lower velocity component 
in the horizontal direction than the rest of the flow. The 
original argument was that the maximum efficiency of the 
splash would be one of constant energy. Since this occurred 
with a change in direction, part of the momentum in the 
direction of the flow has been lost. (This is not quite like 
the case of a jet impinging on a flat surface since some force is 
created at the curvature point.) 


Fig. 12. Jet with deflection of 3° below level 
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The backward lean of spouts and splash nonuniformities 
would support the velocity picture if one could say that each 
came from the same source. This is probably true but was 
not verified in detail. Air drag would also retard the air- 
borne liquid. Rough estimates of air drag indicated sig- 
nificant, but not major, effects, 

A lengthy discussion of energy dissipation, or exchange, due 
to splash would be nebulous. The values presented here 
could greatly underestimate true magnitudes because of the 
assumptions that were necessary to facilitate calculations. 
The only quantity that can be given a specific significance is 
the loss in machine-direction velocity of the air-borne liquid. 
This portion of the slurry will exert a drag when it returns to 
the wire—a drag that can be compared with the control 
tolerance on the slurry discharging from the headbox. The 
control limits on the discharge from the headbox may be as 
low as +1/2% for better grade papers; if the difference be- 
tween slurry and wire speed is greater than this the paper 
suffers in quality. A good share of the airborne slurry is out 
of these control limits and could affect: paper quality for this 
reason. 

Movies and still photographs of flow over solid table rolls 
exhibited the distinct regions of nonuniformity growth and 
subsequent splash quite well. It was more apparent in low 
areas than for higher ridges. Higher ridges would frequently 
carry farther downstream from the roll; this might be ex- 
pected because of the limited downward deflection of ridges. 
Air bubbles in the slurry are excellent inception points for 
spouts, but their population was not sufficient to have any 
significance in these tests. None of the observations indi- 
cated that the surface condition was being governed by flow 
in the entering or leaving nips right under the wire (5). 

The tests of different roll sizes, drainage resistance, and 
headbox consistency behaved as predicted; that is, conditions 
that gave more water removal were also more conducive to 
spouting. Unfortunately, this does not allow much latitude 
in reducing spouting on present machines. 

Roll diameters and wire tensions are dictated by structural 
considerations. The slurry composition and the wire resist- 
ance are dictated primarily by product design; so these 
items, with their effect on drainage resistance, cannot be used 
as a control means. The problem is one of compromising 
the necessary water removal against inception or magnitude 
of spouting. The amount of water to be removed can be 
diminished by increasing the fiber consistency in the headbox 
slurry, but this has adverse effects on paper quality after a 
certain level is reached. 

Work to establish the relationship of approach flow to 
spouting could result in significant design improvements. 
Many machine limitations that are attributed to spouting 
could be due to the fact that a poor flow condition from the 
headbox is being exaggerated by spouting or is, perhaps, caus- 
ing it. A technical background of this aspect would do much 
to determine where and how much money should be spent to 
upgrade a machine. 

On a longer-range basis, it would be well to consider the 
general aspects of free-surface stabilities rather than just the 
solid table rolls. Other types of drainage elements have 
higher incipient spouting speeds, but all result in some degree 
of wire deflection. 

The course of the previous discussion emphasized most of 
the general problems presented in the introduction. The 
phenomenon of spouting, which can be described quite simply, 
was shown to involve many unknown relationships. A pre- 
cise knowledge of each would require a great deal more re- 
search work. A minor number of pilot plant tests made it 
possible to define these areas and also produced a framework 
of knowledge that was adequate for suggesting several de- 
velopment programs. 

The translation of the problem to paper quality was not 
supported by specific results because of limitations to the 
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pilot-plant fourdrinier length. Furthermore, such evaluation 
would be quite specialized and beyond the intent of this paper. 


CONCLUSIONS 


Pilot-plant equipment, which is essentially full scale in 
cross section and speed is highly desirable for papermaking 
process development. The problem of spouting on the four- 
drinier demonstrated how such equipment defines technical 
problems for laboratory study and at the same time facilitates 
a semi-empirical approach to development work. 

Spouting was found to be best described as a splash result- 
ing from nonuniform flow impinging on the wire. Inception 
of spouting was found to be largely dependent on geometric 
conditions. Additional work is needed to verify whether 
internal resistance, surface tension, and gravity restraint are 
negligible at higher machine speeds. 
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Questions and Answers 


Goon engineering questions are solicited as well as answers 
or alternate answers to the published questions. Material 
should be sent to TAPPI Headquarters, marked for the atten- 
tion of H. O. Teeple. The items contributed will be for- 
warded to the Question and Answer Committee for processing. 
If comments are to be contributed, please refer to the question 
number. 


*(48) Question (Wattmeters Require Adjustment): On 
one of the feeders going out from our plant the voltage 
is stepped up from 2300 to 13,200 and, at the end of a 
5-mile transmission line, stepped down again to 2300 
v. Power is metered on the 2300-v. side of the trans- 
formers at both ends of the line. Should not both 
meters register the same? As it is now, the meter at 
the out end of the line registers considerably more 
than the one at the power plant. 


(48.2) Answer: In my opinion, answer 48.1 is only slightly 
related to the question. Since feeder metered on 2300-v. 
side of transformers, and assuming no load taken from 
13200-v. transmission line, the power metered at out 
end of line should read less than that at power plant end 
by amount of losses in both banks of transformers and 


Note: Questions and answers marked with an asterisk (*) are reproduced 
courtesy Power magazine. 
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transmission line. Error could be one of connections, 

CT or PT ratio for the particular meters, error in meters. 
H. B. Barrow, 
General Electric Co., 
Atlanta, Ga. 


(1-4/60) Question: What does the committee feel is the 


best material for use as a grout and mortar for in- 
stalling carbon brick? 


(1.1-4/60) Answer: For carbon brick linings in alkaline pulp 


digesters, the best material now available for use as a 
grout and mortar is portland cement with a properly 
selected aggregate. The choice of aggregate depends 
upon the particular service conditions. The aggregate 
must be inert under the chemical conditions involved 
and these, of course, vary depending upon whether the 
process is kraft, soda, semichemical, or other. As an 
example, the quartz or silica-type aggregate is no longer 
specified in the case of kraft cooking, whereas this type 
of aggregate may still be suitable for certain semi- 
chemical operations. Certain types of feldspars, dolo- 
mitic limestones, and other minerals can be specified 
but in each case the exact operating conditions must 
be known and the minerals must be obtained from 
specific locations and must have been previously tested. 

In answer to the second question, some service histories 
can be given. It is possible to cite carbon brick linings 
in hardwood digesters which have been in service for 15 
years or more which have required little or no mainte- 
nance during that period and which allowed no liquor to 
contact the steel shell. 


(2-4/60) Question: To what extent does the tension ina 


pickup felt influence its useful life? Is the use of 
high tension detrimental to long life, or is the major 
factor the abrasion of the felt by slippage at the 
driven rolls as the felt changes tension and therefore 
stretch, around the roll? I am assuming that the 
operators have correctly adjusted the various roll 
speeds to avoid slippage caused by a real speed 
difference between the felts and the rolls.”’ 

Prerer WRiIsrT, 

The Mead Corp., 

Chillicothe, Ohio 


(2.1-4/60) Answer: First of all, in our opinion, the felt must 


be run under a tension that is sufficient to make the felt 
lay flat on the machine, run without wrinkles, operate 
the guide and not pucker or creep as the felt enters or 
leaves each succeeding nip. We believe this tension 1s 
somewhere between 8 and 15 Ib. per lineal inch. We do 
not know how critical this tension is. We are inclined 
to believe from our observations that the tension is not 
critical, providing it does not exceed some maximum 
figure which will differ for various types of felts having 
different warp constructions. This figure could be in the 
range of 20 to 25 lb. per in., or even more, depending on 
the amount and kind of warp. If the warp is too weak 
or lacks resilience, this figure would be low; if the warp 
is stronger and has high resilience, this figure would be 
higher. From practical observations a felt which was 
being run too tight would be a felt that would continu- 
ally slack off and have to be retightened. 

In our opinion the major factor in the weaving of suc- 
tion transfer pickup felts is the friction and abrasion 
that is caused by the motion between the driving rolls 
and the felt. This relative motion is probably the re- 
sult of roll surface deformation at the nip. Almost all 
of the felts that we look at in our laboratory are worn 
on the roll side rather than on the sheet side. There is 
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no doubt that some internal wear or attrition goes on. 
This, of course, is the thing that we have looked at and 
have attempted to study in these power balance experi- 
ments. Unquestionably, there is some point at which 
the stretch in the felt’ between individual units is so 
great that the felt literally “rubs itself to death inter- 
nally.’ We find on examination of returned felts that 
some show a relatively large drop in original warp 
strength as compared with others. 

There are a number of factors that influence this such 
as microbiological attack and chemical damage, but in 
many cases we have been able to isolate the cause as 
excessive changes in tension to which the felt has been 
subjected in its path around the machine. I don’t 
think that because the operators correctly adjust the 
various roll speeds to avoid slippage caused by a real 
speed difference between the felts and the rolls that we 
can assume there is no slippage or motion. Our ob- 
servation of used felts from all machines convinces us 
that there must be some motion or slippage no matter 
how correctly the speeds are adjusted. 

It is a fact that most felts are not worn out uniformly 
in the strict sense of the term. They are rather worn out 
in streaks or random holes appear, or the felts are re- 
moved from the machine for other reasons such as filling 
up. Actually, we believe that a certain very small 
amount of motion within the felt, in other words, a 
changing tension around the machine, is a definite plus 
factor as far as keeping the felt clean. The power 
balance studies are important because they enable us to 
put some numbers on the amount of power being trans- 
mitted. While our observations have shown us that 
the felt is quite tolerant of large differences in the 
amount of power transmission in most cases without 
startling effects on the life of the felt, we feel that more 
and more studies of this type will enable us to draw 
more precise limits on tension and power transmission. 
We have the means of putting numbers on felt tension 
with the portable Huyck-Meter and with various felt 
length measuring devices. It would be a good idea for 
any mill that is transmitting some power through a felt 
as you are in a suction pickup felt to take periodic 
measurements of the change in tension or change in 
length of the felt around its path and calculate the 
amount of power transmitted by the felt. 

I. H. PETERS, 
Huyck Felt Co., 
Rensselaer, N. Y. 


(3-4/60) Question: ‘How do cyclic temperatures affect a 


stainless steel welded overlay lining?’’ Digesters 
are normally charged about five times a day, and 
during this process, a temperature change of about 
160°F. is made in a short period of time. 


J. T. FIRESTONE, 

Everett Kraft Mull, 

Pulp Dw., 

Weyerhaeuser Timber Co., 
Everett, Wash. 


(3.1-4/60) Answer: There has been no evidence so far that cy- 


clic temperature and pressure changes have had any effect 
on stainless steel overlays which were properly installed. 
Some overlays have been in for 8 to 9 years and show no 
signs of attack or cracking. It is possible that some 
fissuring which has shown up has been aggravated by 
cyclic stresses. 


(4-4/60) Question: It is our opinion that titanium coated 310 


electrodes provide a smoother surface, better inter- 
locking of beads and more freedom from cracks and 
slaginclusions. Are we correct in this assumpticn? 
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(4.1-4/60) Answer: Titania coated 310 8.8. electrodes would 
normally give a smoother weld bead surface than lime 
coated, depending on the welding technique employed. 
There is no reason to believe that the weld deposit 
would be freer from inclusions. In some positions the 
more fluid titania slag might have greater tendency to 
become trapped. The titania coated electrode deposits 
were considered, in the past, to have greater crack sen- 
sitivity than lime coated. 


(5-4/60) Question: Automatic overlay is much faster and, 
in most cases, cheaper by the square foot basis than 
manual overlay. However, automatic overlay pro- 
duces decidedly more dilution which in some cases, 
runs as high as 60%. From analysis made of 
manual overlay, dilution is usually in the range of 
20 to 30%. If the welds in both cases are sound, 
will the per cent dilution be an indication of service 
life? 


(5.1-4/60) Answer: It is expected that the greater weld dilu- 
tion, either in manual are or automatic overlay, will reduce 
service life due to lowering of the alloy content in the 
deposit. 


(6-4/60) Question: Is it not possible to make up overlay 
samples using different techniques and rod analysis 
and subject these to accelerated tests for the purpose 
of determining what constitutes the best overlay for 
digester service? 


F. D. Wuirenean, JR., 
West Virginia Pulp & Paper Co., 
Covington, Va. 


(6.1-4/60) Answer: Overlay test samples have been made up 
for testing under digester service conditions. These tests 


do not truly represent the cyclic stress conditions that 
an overlay installation would be subject to. They also 
do not provide an accelerated service life test. An 
attempt has been made to accelerate corrosion by sub- 
jecting the overlay coupons to anodic etching in kraft 
cooking liquors. The results were not conclusive. 


(7-4/60) Question: We have heard of corrosion problems, 
particularly with stainless steel overlays in other 
mills. The writer feels that we have no trouble with 
the stainless overlay because we first corrected the 
corrosion problem on the mild steel parent metal. 
Our recovery system does not employ smelters or 
ash quenching systems and we apparently keep in 
our system a required amount of corrosion inhibitors. 
This, plus the addition of elemental sulfur, seems 
to protect our vessels adequately. 


J. H. Crist, 
West Virginia Pulp & Paper Co., 
Tyrone, Pa. 


(7.1-4/60) Answer: Every possible effort should be made to 
prevent corrosion in alkaline pulping digesters. The 
work done by R. B. Kesler of The Institute of Paper 
Chemistry on the effect of certain chemicals in cooking 
liquor indicates that reductions in corrosion rates are 
possible. If corrosion rates are reduced, there will be 
no need for overlay or for corrosion resistant linings. 


(8-4/60) Question: Minimum thickness of stainless steel 
overlay required and why? 


(8.1-4/60) Answer: It has been suggested that the minimum 
thickness of weld metal overlay should be 1/; in. This 
is the minimum thickness at the thinnest point. It is 
necessary to provide sure coverage with a minimum 
amount of dilution with carbon steel base metal. 


FULL SIZE With an Industrial heavy-duty Paper Shredder, 
DEMONSTRATOR there’s no such thing as “waste.” Trimmings, 
AVAILABLE FOR damaged sheets or stock can be instantly con- 
USE IN YOUR © verted into shreds suitable for reprocessing, 
PLANT either by feeding back to the digester or 


HOW T0 
REPROCESS 


SCRAP 
PAPER 


Profitably 


The conversion of “waste” into useable or 
saleable scrap results in savings that quickly 
pay the cost of this shredding equipment. 
These shredders can also be installed as a unit 
in your present pneumatic pickup system. 


compressing into compact, solid bales. 
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INDUSTRIAL SHREDDER & CUTTER CO. 


128 MILL STREET 
SALEM, OHIO 
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LOCAL SECTION ACTIVITIES 
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Meeting Calendar 


April, 1960 
26 St. Louis Section, Le Chateau, St. Louis, Mo. 
ter Presentation. 
28 Delaware Valley Section, Engineers Club, Phila- 
delphia, Pa., E. J. Albert Award Program. 
28-30 Pacific Section, Bellingham, Wash., Annual Mecting. 


May, 1960 


3 Berkshire District—New England Section, Wendell 
Sherwood Hotel, Pittsfield, Mass. 

3 Chicago Section, Chicago Bar Association, 29 8. 
LaSalle St., Chicago, Ill. 

10 Golden Gate Section, Hotel Claremont, Berkeley, 
Calif., True Memorial Lecture and Charter Presenta- 
tion. 

12 Empire State Section—Northern District, Annual 
Ladies’ Night. 

12 Kalamazoo Valley Section, Harris Hotel, Kala- 
mazoo, Mich., Recognition Night, WMU Awards. 

12 Ohio Section, Hartwell Country Club, Cincinnati, 
Ohio, Ladies Night. 

13 Empire State Section—Metropolitan District, Ladies’ 
Night. 

13 Gulf Coast Section, Jung Hotel, New Orleans, La. 

17 Ohio Section—Indiana District, Marott Hotel, Indi- 
anapolis, Ind., “‘Testing.’’ Speaker: Arthur Dresh- 
field, The Glidden Co. 


Char- 


20-21 Virginia-Carolina Section, Wilmington, N. C., mill 
visit to Riegel Paper Corp., Acme, N.C. 
20-21 Southeastern Section, General Ogelthorpe Hotel, 


Savannah, Ga. 

21 Empire State Section—Eastern District, Annual 
Ladies’ Night. 

27 Delaware Valley Section, Beloit Eastern, Downing- 
town, Pa., Tour and Outing. 

27 Lake Erie Section, Annual Outing and Ladies’ Night. 


June, 1960 
3-4 New England Section, Chatham Bars Inn, Chatham, 
Mass., Spring Meeting. 


10-11 Empire State Section, Whiteface Inn, Whiteface, 
N. Y., Annual Meeting. 
17-18 Maine-New Hampshire Section, Mountain View 


House, Whitefield, N. H.., Annual Meeting. 
21 Kalamazoo Valley Section, Annual Golf Outing, Gull 
Lake Country Club. 


September, 1960 
21 Pacific Section, Salem, Ore., “Modernization.” 


October, 1960 
7-8 New England Section, joint meeting with Connecti- 
cut Valley PIMA, Schine Inn, Chicopee, Mass. 


December, 1960 
D New England Section, Storrowtown Tavern, West 
Springfield, Mass. 


April, 1961 
10 New England Section, Storrowtown Tavern, West 
Springfield, Mass., Management Night. 
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Chicago 


A brief summary of the December meeting of the Chicago 
Section of TAPPI is presented below. 

There was an excellent turnout for the December 1st meet- 
ing with 150 persons in attendance. Subject covered was 
“Implications of the Recent Food Additives Amendment as 
It Applies to Food Packaging.’”’ The speaker was John H. 
Guill, Jr., chief, Chicago District of Food and Drug Ad- 
ministration. 

Mr. Guill gave a brief history of the FDA; how, in the 
early years, many quite toxic materials were marketed with 
serious consequences. Following several such experiences, 
Congress enacted Federal regulations and departments 
working on such regulations 
gradually evolved into U. 8. 
Department of Health, Educa- 
tion, and Welfare. 

The food additives amend- 
ment of November, 1958, was 
the latest modification to the 
control of materials used in 
packaging which contacts food- 
stuffs. Specific comments and 
explanations were presented 
by Mr. Guill. The informa- 
tion was quite new to many in 
the audience, and was instruc- 
tive to all in attendance. 
[Tappi 43, No.3: 160A (March 
1960).] 


John H. Guill 


February, 1960 


Following is a brief summary of the February 2 meeting of 
the Chicago Section of TAPPI. 

The general title was ‘“The Coming Age of Webfed Offset 
Printing.”’ There were five speakers with W. D. Hall act- 
ing as moderator. James Metcalf of American Type Founders 
Co., Inc., presented a series of slides showing the types of 
presses in use as well as folders and sheeters used with the 
presses. 


Left to right: Robert Lee, Andrew Monroe, Clark Snyder, 
James Metcalf, Herbert Asten, and William D. Hall 
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Herb Asten of the Cottrell Co. discussed in more detail 
the various types of presses, also giving information as to 
types of driers used with webfed presses. 

Andrew Monroe of Hess & Barket made comparisons of 
webfed to other types of printing, and included discussion as 
to quality, cost, and limitations of webfed offset in relation to 
other methods. 

Clark Snyder of George Hantsche Co., Inc., covered pos- 
sible application to boxboard and in general the problems 
connected with printing different types of board finishes. 
He indicated that waste was rather high running 8 to 15% 
depending on runs. 

Robert Lee of Bowers Printing Ink Co. discussed the ink 
problems connected with web offset printing. Rub and 
scratch resistance might be a problem in the packaging field, 
but he felt this and other problems could be solved. 

Metvin H. Meyer 


Web Offset—An Evaluation 
H, A, Asten 


I Ave been asked to say a few words tonight about 
a method of reproduction that has certainly come in for its 
share of “romancing” in recent months—web offset. Un- 
doubtedly, there is a great future for the web offset process. 
In the years to come, the number of installations will eTow 
and the quality and quantity of production improve. 

But in order to start off on the right foot, let me assure you 
that the growing volume and variety of printing indicates 
there is enough work for all the processes. No one method 
of reproduction is going to completely capture the market. 
Web offset has many advantages, but to realistically evaluate 
them it is necessary to understand the operation of the various 
types of machines, their potentials, and their limitations. 


BASIC DESIGN 


There are basically two types of web offset presses. One 
is a blanket-to-blanket design, and the other a blanket-to- 
steel design. The blanket-to-blanket design can be considered 
in two primary categories according to their cylinder arrange- 
ments—the vertical and the horizontal. 

The vertical arrangement, possibly the best known, has 
the cylinders arranged, top to bottom, like this: plate cylinder, 
blanket cylinder, blanket cylinder, and plate cylinder. 

This is a perfecting operation, both sides of a web being 
printed simultaneously, with each blanket cylinder acting as 
the impression cylinder for the other unit. A machine of 
this type may be composed of any number of units and utilize 
multiple web operations, such as running one web in four 
colors or two webs in two colors, on a four-unit machine. 

The horizontal type of arrangement of the blanket-to- 
blanket design has the cylinders laid out in a horizontal rather 
than a vertical plane. For example, reading from left to 
right, the unit would be composed of a plate cylinder, blanket 
cylinder, blanket cylinder, and plate cylinder. 

The same principles are involved as in the vertical arrange- 
ment, but there is a loss of flexibility in the way the webs can 
be run. This horizontal arrangement, one of the first web 
offset designs, has recently appeared again on a press one 
manufacturer is offering for weekly suburban newspaper ap- 
plication. 

The blanket-to-steel type of design can be considered in 
three main categories. There include what we call an inline 
arrangement, a common drum, and a split drum. 

The inline cylinder arrangement is very similar to the ar- 
rangement in a sheet fed offset press. From top to bottom, 
there is a plate cylinder, a blanket cylinder, and an impression 
cylinder. 


H. A. Asten, Manager—Web Offset Sales, The Cottrell Co. (a subsidiary of 
Harris-Intertype Corp.). 
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In this arrangement, the web passes between the blanket 
cylinder and the impression cylinder, printing one or more 
collors—depending on the number of units—on one side of 
the sheet. The application is primarily for such things as 
labels, gift wraps, etc., where only one side of the sheet is 
printed before it is folded, sheeted, or rewound. 

The common dium principle has been most frequently used 
on high-speed magazine letterpresses. In a web offset de- 
sign, this is a single, common impression cylinder surrounded 
by any number of colors for one-side printing. For example, 
a four-color machine would have four printing units, con- 
sisting of blanket cylinder and plate cylinder arranged around 
the commonimpression cylinder. 

As as example of application, a 50-in. machine of this de- 
sigo would print four colors on one side of the web, and then 
pass over a drier and into a similar printing unit to back up 
the sheet with another four colors. Or, common practice 
with this type of machine would be to use it as a double- 
ender. In other words, instead of a 50-in. web, a 25-in. web 
could be run through on one side of the cylinder, printing and 
drying four colors. The web would then pass through bay 
windows to turn it over and be led back through the other 
side of the same common drum and backed-up with the same 
four colors. This means the press is printing only half its 
rated web width but it is printing both sides using only one 
printing unit. 

The split drum is a variation of the common drum. In 
this design, two common impression cylinders—each with two 
printing units—are arranged in a horizontal plane. The web 
wraps these two impression cylinders at one time, obtaining 
the same degree of wrap, or contact, it would with a common 
drum. 

The principle is the same as the common drum, but the 
design provides greater accessibility, so important for fast 
make-ready. An example of this design is the eight-color 
Harris-Cottrel] web offset press we have operating in Pough- 
keepsie, N. Y. The crew on this press consistently strip and 
lay eight plates and are up to color and register in a little 
over an hour. This doesn’t include changing paper or ink. 
Even so, I believe you will agree this is a very fast get-away. 
So much for the types of presses. 


TENSION CONTROL 


One of the most important functions in a web offset press 
is the maintenance of proper tension control, since accuracy 
of register is so very much dependent on it. Tension control 
starts with the white unprinted roll as it is fed into the press. 


Roll feeds fall into two categories—the standard-type roll 
stand offered by most manufacturers, particularly in the small 
size presses, and the multiple-roll stands equipped with 
automatic flying pasters. The web tension is generally con- 
trolled by a core brake PIV type of arrangement or a running 
belt. 

The core brake PIV type applies a braking force directly 
to the shaft on which the core is mounted. Pressure is ap- 
plied or taken off as required. The web is then fed in through 
a pyramid arrangement of rolls with a PIV type of drive to 
control tension. 

The running belt tension control consists of two 10-in. 
wide running belts which actually drive the roll of paper and 
feed it into the printing unit. A weight directly opposite 
the pneumatic cylinders assures proper tension throughout 
the roll, taking into account its reduction in weight and cir- 
cumference. 

The automatic paster is made by several different concerns, 
and is usually used with triple-roll stands. One roll is run- 
ning, one is being prepared for the pasting operation, and a 
third roll is in readiness to swing into a pasting position. Ata 
time determined by the operator, or by an electric eye, a new 
rollis spliced onto the depleted roll, on-the-run. 
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LITHOGRAPHIC UNITS 


The blanket and plate lockups on the web lithe unit are 
somewhat similar in design to sheet-fed press, but since the 
web offset press, like any web press, has a fixed cutoff, it is 
highly desirable to obtain as much printing area as possible. 
Consequently, the plate cylinder gap is very small as com- 
pared to a sheet-fed machine. 

The plate is generally bent on a fixture so that it registers 
with the other plates when it is snapped into the internal 
locking system on the cylinder. It may be necessary to move 
the cylinder laterally or circumferentially to bring it into exact 
register. This can generally be done while the press is run- 
ning. However, cocking of the plate is not a common practice 
in web offset because of the high hourly cost of the presses 
and the ability of the bending fixture to produce an accurate 
bond in the plate. 

The blanket cylinder lockup is very much like a sheet-fed 
machine but is done internally with respect to the cylinder. 
This permits a narrower gap, generally about a half inch. 
Because it is necessary to fit two thicknesses of approxi- 
mately 0.065-in. blankets into a slot in the cylinder, it seems 
unlikely that this nonprinting area can be reduced much 
more. With these methods of locking on the plate and 
blanket, make-ready time is usually faster than on a sheet- 
fed press of the same size. 

As mentioned before, the arrangement of the lithograph- 
ing units can be either blanket-to-blanket or blanket-to-steel, 
depending on the job to be accomplished and. the type of 
press the buyer favors. 

The inking and dampening systems are also similar to a 
sheet fed machine. The arrangements, their settings and 
adjustments, all closely resemble the sheet-feds but because 
of the higher web speeds the units are more ruggedly con- 
structed. However, we all believe that better methods are 
needed in both of these areas to produce the best quality at 
the speeds we expect to obtain. Our company, for example, 
has at least three different forms of dampening systems under 
test in the field. 


DRYING 


After the web has been printed, it must go through a drier 
if we are to take advantage of the high speeds of the web off- 
set press. Heat-set inks are used as in high-speed magazine 
presses. There are three basic types of drying equipment. 

The steam drum drier has been most prominent in the letter- 
press magazine machines, where one side printing is generally 
performed. After one side has been printed, the web wraps 
the steam drum (wet side out), and is dried. The web is 
then backed up on another pristing couple and the same pro- 
cedure followed on a second steam drum. 

This type of drier has not been too common in the web 
offset field because the majority of the machines are of the 
blanket-to-blanket perfector type which produces a web 
printed both sides and would require one wet side of the web 
to be in contact with the steam drum. 

Ordinarily, the drier on a web offset press is one which car- 
ries the web straight through and dries it by either electric 
or gas heat. The most common of these is the gas fired drier 
which drys both sides of the web as it passes through. 

After the web is dried, it is then passed over a series of two 
or three chill rolls. These are rolls filled with circulating cold 
water which absorb the heat which has been applied to the web 
by the drier and restores its original temperature before it 
passes into the folder. Here again, since tension is such an 
important factor in register, these chill rolls must be driven 
at a precise speed so they work in conjunction with the feed- 
in devices, or the roll stand, to maintain proper tension 
throughout the run. 


TERMINAL OPERATION 


The terminal operation of the web offset press can be a 
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rewind, sheeter, or folder. A rewind operation is generally 
used for one side printing and/or where the web will even- 
tually be sheeted. Although the sheeting can be accomplished 
on the press, it usually makes it necessary to run the press at 
a slower speed. With a rewind, high speeds can be realized 
with, perhaps, more than one sheeter used to cut the printed 
web into individual flat sheets. 

The most common terminal operation is, of course, a folder. 
I believe that one of the great advantages of the web offset 
press is lost if a folding operation is not involved. With the 
use of a folder, a roll of paper can be converted into a printed, 
folded, finished, or semifinished product in one operation. 
It is even possible for the job to be pasted, stitched, and 
trimmed if that is the requirement. Some folders, today, have 
provisions for doing all these operations. At any rate, much 
handling is eliminated when a folded product is produced. 

Folders fall into many categories, and you frequently hear 
the terms such as former, jaw, chop, and so forth. 

A former is a triangular shaped metal board, generally 
chrome plated and perforated for air. The web passes over 
this board and is formed into a fold at the nose. This is the 
type commonly used on newspaper presses, and many high- 
speed magazine machines. 

A jaw fold is just what it sounds like. A cylinder acting as 
a jaw has the paper tucked into it by a tucker blade in another 
cylinder. Two of these in the same plane produce a parallel 
fold. 

A chop fold, sometimes referred to as a quarterfold, is what 
sheet fed people would term a right-angle fold. This is 
generally accomplished with either a vertical or a rotary 
action of a blade putting a cross or right angle fold into a 
signature as it comes through the folder. 

Most folders are able to produce a lap, or lip as some refer 
to it, for the gathering machines. Folders may also be col- 
lect or noncollect. As an example, one might deliver two 
16-page signatures, noncollect, or one 32-page signature, col- 
lect. The web is also sometimes slit into ribbons, and each 
ribbon put over individual turner bars to bring them in 
line with each other and form various paging combinations. 
At times, these turner bars are reversible so that each ribbon 
can be flopped to change paging around to various positions 
of the signature. 


CONCLUSIONS 


In summation, let us not forget that the primary disad- 
vantage of web offset—in fact all web presses—is the fired 
cutoff. This means, for instance, that on a web press with a 
223/, in. circumference, or cutoff, every sheet that passes 
through must be 22%/,in. In other words, if you have a job 
that requires only 213/, in. paper around the cylinder, you 
are wasting 1 in. or approximately 5% of the paper for every 
revolution. This is a sharp contrast with the flexibility of 
a sheet-fed press. 

The initial cost of the installation of any web press is high 
in comparison to sheet-fed machines. This, however, is in 
line with the fact that such a press is capable of turning out a 
very high volume of work. And, due to the high initial cost, 
which results in a relatively higher hourly operating cost, a 
considerable backlog of work would be required to utilize 
such a press economically. 

On the other side of the ledger, let us examine some of the 
advantages of web offset today. Where a folded product is 
required, in-line web production, by eliminating many in- 
dividual operations, offers tremendous savings in handling 
alone. Also it is possible to handle a wider range of stock 
than on a sheet-fed machine because you are not concerned 
with the tail-end fan-out of the sheet, or transfer of the sheet. 
One of the more limiting factors in running some stocks on a 
sheet-fed press is the separating mechanism. This, of course, 
is not a problem on a web fed machine. 

We have positive proof that the reproduction of a dot on 
a web fed press is as good as on a sheet-fed press. Some 
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companies have already proved to customers’ satisfaction that 
the quality of web fed offset can equal that of sheet-fed. 
We know from experience in the sheet-fed field that we run 
better at higher speeds and we have longer plate life with 
less water and fewer stops. These conditions are enhanced 
by the very nature of a web offset operation. While the cost 
of paper in rolls is less than buying in flat sheets, generally 
the waste is higher so that one will pretty well balance out 
the other. 

Of course, the big factor in web offset is the higher pro- 
duction. Some of the things possible are quite breathtak- 
ing. As an example, a five-unit machine in a 35 by 50-in. 
size with a rated speed of 1200 f.p.m. could be run with one 
web in one-color and one web in four-colors, split into ribbons, 
interleaved at the folder, and produce four-15’s, two-32’s, 
or a 64-page signature with black and four color process in- 
terleaved (or run-of-book color) at the rate of 25,000 per hr. 

The future outlook of web offset is bright indeed. There is 
much engineering and research work being done to improve 
the dampening and inking systems. We at the Cottrell Co. 
feel that without a doubt our greatest potential growth is in 
the web offset field. 


Presented at the meeting of the Chicago Section of TAPPI, held in Chicago, 
Ill., Feb. 2, 1960. 


Web-Offset Application to Board Printing 
Clark Snyder 


ASSUMING you gentlemen are here this evening for 
reasons other than good fellowship and a chance to meet with 
your competitors to determine whether or not their problems 
are any worse than yours, let us face the fact for a moment 
that competition, mounting manufacturing costs, and the 
usual unreasonable demands by our customers no doubt is 
sending you out to find new, faster, and less expensive methods 
of producing higher quality work than you have been able to 
produce in the past. 

As representatives of a leading web offset press manu- 
facturer, we have been approached by people in the box- 
board printing business, and have been quoting on presses. 
We've had a pretty good opportunity to hear some of the prob- 
lems of printed boxboard. Only to a few of these manufac- 
turers does the web fed offset press have any real application, 
though it has an appeal to almost all of them—the advan- 
tage of close register, four-color process halftones, or color 
work, and above all, the rapid plate preparation, the speed 
from original copy to printing plate, with which many of 
you are familiar who are printing boxboard on sheet fed off- 
set presses. These are not the only advantages shared by 
both sheet fed and web fed, but this and the ability to print on 
rough, uncalendered surfaces. 

Web fed offset presses have many clear advantages over 
sheet fed, in that there is a better control of color quality 
throughout the run, once the press is adjusted for register and 
ink flow. It has a speed, operating at speeds—roll-to-roll or 
roll-to-sheet—very near that of rotogravure, faster than the 
new high-speed die-cutters. 

Both the sheet fed and web fed press share the same dif- 
ficulty of picking up lint on the blanket, from boxboard, 
transferring it to the image in the plate and lowering the 
quality of the job. Equipment is made that rather success- 
fully removes any loose lint from the surface of rough box- 
board, at least that loose material which may tend to coat 
the blanket. This is another step ahead in overcoming some 
of the inherent difficulties in gaining good quality. 

The web fed offset press is not the complete answer for the 
boxboard printer’s problem because he wants a web fed ma- 
chine that will be adjustable to suit the repeat, or the length 
of the die in the die cutter. Because these presses must be 
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designed with a minimum of three cylinders, the offset press 
does not lend itself to interchangeable cylinder arrangement, 
or cylinders of various diameters, like letterpress or roto- 
gravure presses. 

Rather unfortunate experiences have come to those who 
have attempted to build web fed offset presses with inter- 
changeable cylinders to meet the requirements of variable 
repeats. This narrows the usefulness of the web offset press 
to a few of the great number of jobs which will fit a cylinder 
repeat on these offset presses with the least amount of waste. 

The web fed offset press has appeal over rotogravure ma- 
chines in other ways. A lot of valuable time is lost waiting 
for rotogravure cylinders to be ready for mounting on the 
press. During this time a web fed offset press, because of 
faster plate preparation, would have a sizable quantity of 
material on its way to the customer. This would mean a 
lot when the customer is making an all-out effort to combat 
a good campaign launched by his competitor. Another 
avenue of appeal will afford the customer an opportunity to 
experiment in package designs or short-run campaigns to 
better market his product without going to the cost of a more 
expensive printing media; printing syndicated packages with 
a common background and local individuality is becoming 
usual, especially today, as employed publishers of syndicated 
premium catalogs. 

One of the manufacturers of playing cards has been run- 
ning highly calendered stock, a 12-pt. board, four colors on 
two sides of the web and sheeting, for a good number of years. 
They have been so pleased with the results that they have 
ordered additional equipment to increase their production. 
Playing card runs are not all long runs, as both the fronts and 
backs are changed, from time to time. Press speeds of about 
1200 f.p.m. produces the equivalent of 30,000 decks per hour. 
Register marks are die cut out of the web in the press, which, 
of course, have to be die-cut and packaged. Not only do these 
people produce the cards on this press but they also produce 
some playing card boxes, on 20-pt. board, as this press, a 
perfecting press, can be used for printing on one side of the 
sheet only, if need be. 

Highly calendered stock or coated board poses some 
problems in boxboard printing because the inks do not soak 
into the surface of the paper as well as they do on unfinished 
boxboard. When running coated, calendered stocks, it is 
necessary to include an oven to liberate the vehicle and dry 
the sheet so the ink can be set, as the web travels over chill 
rolls—after the folder—these are large drums through which 
water is circulated to maintain a lower temperature. When 
printing a soft or porous boxboard, any reasonable number of 
colors can be applied without the danger of serious scuffing 
or smearing before the web is cut or re-wound. 

Offset has another advantage over other printing methods— 
it is probably the only process by which it is possible to print 
solids and fine screen halftones on a rough board. The pres- 
sure between the blanket and the board to be printed is 
enough to print every bit of the exposed surface without dam- 
age to the stock. This, of course, does not apply to corrugated 
board. 

I’ve tried only to skim across some of the high points in 
boxboard printing by way of offset. I’d rather not clutter 
up this time with a bunch of random information when some 
of you will probably have specific questions you'd like to have 
answered. 


Presented at the meeting of the Chi Secti f TA h i i 
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Ink in Relation to Web Offset 
Robert Lee 


To KNow ink problems in web offset we must under- 
stand how heatset inks differ from oxidizing inks. Drying 
of heatset inks is accomplished by release, in the oven, of a 
volatile solvent from the vehicle, this causes polymerization 
of the ink, which is equivalent to the drying action we know 
in oxidizing type inks. As the sheet leaves the oven the ink 
is gummy, the final set on the ink is accomplished by chill 
rollers. ( 

Heatset solvents are available to various ranges of flash 
points. Flash point of a solvent determines at what degree 
drying starts, and also affects the stability of an ink on the 
rollers. A lower flash point makes for a more unstable ink. 
In packaging you will have a thought on odor-free inks, deo- 
dorized solvents are available. 

Pigments are comparable with those used in the inks you 
are now using, although scratch and rub resistance could be 
a problem in the packaging field, inasmuch as heatset vehicles 
contain a percentage of solvent which is completely released, 
leaving a smaller percentage of resin in which to incorporate 
rub and scratch resistant qualities. 

I am sure that when the packaging industry gets into web 
offset, your inkmakers will be able to handle problems as they 
arise, and do the same job for you they have done in the past. 


Empire State (Eastern District) 


The November meeting of the Eastern District of TAPPI 
was held at the Queensbury Hotel with 49 members and guests 
in attendance. 

Chairman Paul Page called the meeting to order at 8:30. 

Bill Montgomery gave the treasurer’s report showing a 
checking balance of $145.64 and a reserve fund of $527.60 
making a total of $673.34. 

Chairman Paul Page anounced that a roster of members 
for the Eastern District will be compiled shortly and John 
McCoy will take the dues of the new members present. 

Harold Lake, chairman of the Junior Awards, reported 
that he was almost certain of four persons to present their 
papers and that his goalis 10. The contest is open to anyone 
under 35 years of age. 

The chairman informed the group that the next meeting 
was to be a panel discussion on “Dyes and Dyestuffs.”’ 
Participants are as follows: 


Grant Cole, Finch Pruyn & Co.—Continuous Dye Addition 
System. 

John Martinovitch, American Woodboard Co.—Pigment 
Addition to Cylinder Board. 

Fred Sunstrom, American Cyanamid Co.—Factors Governing 
Color on Machines. 

H. Lake, C.I.B.A.—Concept of Color. 

M. Landberge, General Aniline & Film Co.—To be announced. 

Dr. Earl Johnson, Moderator. 


Ray Wiles of the International Paper Co. introduced the 
guest speaker Dr. S. G. Mason, Head of the Physical Chem- 
istry Division of the Pulp and Paper Research Institute of 
Canada. His topic was “The Behavior of Pulp Fibers in 
Suspension.” 


January, 1960 


The January meeting of the District of Empire State 
TAPPI was opened _by Chairman Paul! Page, at the Queens- 
bury Hotel, Glen Falls, N. Y., with 72 members and guests 
present. 

Mr. Page gave a résumé of the first three meetings and 
what is to take place at the future meetings. 

Gordon Nicholson, vice-chairman, reported on the prog- 
ress for the April symposium on ‘Wet End Machine Op- 
eration.” 


Roger? Len, Bowers Printing Ink Co., Chicago, IIl. 
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The Publicity and Membership chairman John McCoy 
made a plea for members to submit their autobiographies. 

James Fusco, the Education chairman, will report next 
month on the current high school program. 

Grant Cole reported that the raw materials list is quite 
complete and that requests for some of the materials have 
been received. 

Earl Johnson the third vice-president of the Empire State 
Section in charge of the Junior Awards for the Empire State 
was introduced to members and quests. 

The Program Chairman Gordon Rabeler introduced the 
quest speaker, Kenneth Simpson of Arthur D. Little, Inc. 
Mr. Simpson spoke on ‘Operation Research in the Paper 
Industry.” 

Mr. Simpson discussed how scientific analysis can be ap- 
plied to management decisions and gave a history of the 
field dating back to its origin during World War II. 

An interesting question-and-answer period followed. 

V. W. Ports, Secretary 


Empire State (Northern District) 


Present at the meeting of the Northern District of the Em- 
pire State Local Section of TAPPI, held at the Hotel Wood- 
ruff, were, left to right: Russell C. Clark, chairman, 
H. Dyer Phillips, James W. Field, national representative, 
Prof. Frank W. Lorey, State University College of Forestry, 
Syracuse, Charles B. Blanchard, and John L. Hudson, Jr. 


Education in Pulp and Paper Technology 
F. W. Lorey 


Tur College of Forestry offers instruction in several 
fields relating to forestry and forest products. Different 
curricula available include forest management, forest biology, 
and landscape architecture relating to biological sciences, 
and wood products engineering, forest chemistry, and pulp 
and paper technology relating to physical sciences. The 
curriculum in pulp and paper technology has little to do with 
the general conception of forestry. The pulp and paper 
student is interested in the use rather than in the growing of 
wood and as such is concerned with the physical and chem- 
ical properties of wood rather than silvicultural methods. 

The paper industry in the United States is an industrial 
giant. In 1958, 30,797,000 tons of paper were produced in 
the United States and 35,285,992 tons consumed, with the 
difference between production and consumption being mostly 
newsprint imported from Canada. When dividing the con- 


EF. W. Lorry, State University College of Forestry, at Syracuse University, 
Syracuse 10, N. Y. 
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sumption by average population in 1958 (about 173.8 mil- 
lion people) one finds that the average consumption per 
capita for that year was 405.4 lb. This is compared to 365 
Ib. per capita in 1948, 244 in 1939, and 220 in 1929. Thus, 
not only must the paper industry expand to keep up with the 
yearly population increase (about 3 million people), but also 
to meet increased needs of paper due to new products. Al- 
though population increase has been less than 2% a year, 
paper industry expansion during the last 20 years has been 
3.2% a year, and during the next 5 years domestic production 
is expected to increase at a rate better than 5% ayear. Op- 
portunities for work in the paper industry are extremely good, 
since a shortage of technical personnel exists at present, and 
this shortage will continue to exist in the foreseable future. 

The paper industry also has shown great stability, and does 
not reflect the violent peaks and valleys in business condi- 
tions as do some other industries. During the depression of 
the early 1930’s employment in all industries declined 36% 
whereas paper employment declined only 20%. The reces- 
sion of 1957-58 saw many industries operating at 60% of 
capacity whereas the paper industry as a whole operated 
at better than 80% of capacity. 

The paper mills in the Watertown area are quite diversified 
and offer the student an excellent opportunity to become 
better acquainted with the paper industry. Due to the short- 
age of wood, this region no longer has the national signifi- 
cance that it had 35 years ago, although New York state still 
ranks fourth among the states in paper production and this 
locality is a major papermaking region of the state. Prac- 
tically every type of paper is made in this area including 
board, printing grades, fine papers, tissue, kraft papers, in- 
dustrial papers, saturated papers, and molded pulp products, 
just to name a few. Large tonnage items such as newsprint 
and containerboard products, based on abundant wood supply 
are the exceptions. From viewing the operations of St. 
Regis at Deferiet, one can become familiar with practically 
every type of operation found in the industry, namely, wood 
room operation, mechanical pulping, chemical pulping (ex- 
cept recovery), pulp bleaching, paper machine operation, 
paper coating, supercalendering, and finishing room opera- 
tion. Thus, the opportunity to become better acquainted 
with this rapidly expanding industry is right here for the ask- 
ing. 

The pulp and paper industry is thriving in many sections 
of the country other than New York State. Paper is made in 
42 of the 50 states, with mills centered in the Northeast, 
Lake States, South, and Northwest. Opportunities for em- 
ployment and advancement are available in all of these 
regions. 

The undergraduate curriculum in pulp and paper tech- 
nology at the College of Forestry consists of a thorough 
foundation in chemistry, mathematics, and physics, followed 
by a comprehensive coverage of the chemistry and engi- 
neering aspects of the processes used in the pulp and paper 
industry. The first three years of the curriculum are con- 
cerned mostly with science and mathematics courses, along 
with such courses as English composition, economics, and 
public speaking, while the fourth year is concerned with the 
detailed study of the chemistry of wood and its conversion 
into pulp and paper. In addition, employment for at least 
one summer in a paper mill is required, along with a detailed 
report of the mill’s operations. 


Presented at the meeting of the Northern District of the Empire State Sec- 
tion of TAPPI, held in Watertown, N. Y. 


The film presented, ‘From Wood Fibers to Paper,”’ is the 
story of the program in pulp and paper technology at the 
College of Forestry. It was produced by William M. Harlow, 
and is available for loan throughout the country free of charge 
by addressing Extension Department, State University Col- 
lege of Forestry at Syracuse University, Syracuse LOSNEYS 
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February, 1960 


Paul E. Grunder, technical sales representative, Dow 
Corning Corp., presented a film entitled, “You and the Sil- 
icones,’’ and spoke about specific applications of silicones in 
the pulp and paper industry at the February 11 meeting of the 
Northern District, Empire State Section, TAPPI, held at 
the Hotel Woodruff, Watertown, N. Y. 


Empire State (Metropolitan District) 


Dewaxing of Waxed Paper Broke by Adsorption 
A. P. Allegrini and A. W. Claxton 


AN EcONomIcAL and feasible process for reclaiming fiber 
from waxed paper broke has been developed by Minerals & 
Chemicals Corp. of America. Fiber containing less than 1% 
wax and polyethylene was reclaimed from wax coated and 
impregnated paper and board, such as, food containers, 
kitchen wax paper, paper cups, bread and bubble gum wrap- 
pers. Evaluation of handsheets prepared with dewaxed 
fibers indicate that the dewaxing treatment had no adverse 
effect upon their physical properties. 

The process consisted of four basic steps, namely: (1) 
shredding the broke to a size which would not entangle in 
the subsequent stages; (2) heating the broke in the presence 
of granular adsorbent such as Attapulgus clay; (3) separat- 
ing the fiber from the adsorbent; and (4) regenerating the 
clay by heating at 1000°F. to restore its adsorptive power. 

The process has been successful in a continuous pilot plant 
operation utilizing a paper shredder, a rotary steam tube 
drier for dewaxing, a sifter and a direct-fired rotary kiln for 
regeneration. This equipment can be scaled-up to plant 
size. Direct operating costs excluding overhead, amortiza- 
tion and overhead for reclaiming fiber at the rate of 25 tons 
per day (24 hr.) from a broke containing 28 to 30% wax were 
estimated at less than $9.00 per ton. 


EXPERIMENTAL 


The first series of experiments were carried out in labora- 
tory batch apparatus. A 12 in. diam., 15in. long hollow steel 
cylinder equipped with lifting flights and revolving at 10 
r.p.m. along a horizontal axis was used for dewaxing. The 
clay-wax broke mixture was heated in the cylinder by gas 
flames impinging on the exterior surface. The clay was 
separated from the fiber by sifting over a 4-mesh screen. A 
smaller cylinder of similar design was utilized for clay re- 
generation. 

The pilot plant equipment included: 

1. A swing type hammer mill for shredding. This was 
the only type of equipment available to us at the time. A 
conventional paper shredder, however, is recommended. 

2. A 1-ft. diam., 8-ft. long continuous steam tube rotary 
drier for dewaxing. 

3. A4-mesh sereen. 

4. A 1-ft. diam., 10-ft. long continuous refractory lined, 
counterflow, direct gas-fired rotary kiln. 


DISCUSSION OF RESULTS 


The dewaxing capacities of the clay adsorbents for reclaim- 
ing wax coated and impregnated paper brokes are illustrated 
by the data in Table I. Granular size adsorbents, such as, 
+30 mesh —60 mesh were found to be better suited than 
—25 mesh powdered clay because of lower adsorbent losses 
and better handling characteristics. Polyethylene was also 
removed effectively from the various brokes. 

The degree of dewaxing increased with clay loading, con- 
tact time and temperature as indicated by the results in 
Table II. The temperature has to be maintained at a safe 


A. P. Auurerini and A. W. Cuaxton, Minerals & Chemicals Corp. of Amer- 
ica, Research Division, Menlo Park Neds 
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Table I. 


Dewaxing of Various Coated and Impregnated Waxed Paper Brokes with Clay Adsorbents 


Clay 
-——Before dewaxing—— ae Pee ae ne 
Wax Po clay/ part Wax Picie 
ete content ethylene broke Temp., Time, content, content 
o 0 wt. basis Cyn, min. % % ; 
Solid bleached waxed carton 8 ‘ 2 y 
Waxed paper (frozen food overwrap) 25.0 - i BRE i0 0.89 
Kitchen waxed paper PALO) os 3/1 250 10 0.40 
Waxed bread wrapper 27.0 . 10/1 240 20 0.40 
Waxed paper broke 26.0 2.00 20/1 240 20 0.87 0.28 
Waxed paper cups 5.3 1.00 20/1 250 20 0.04 0.12 
Waxed paper bubble gum wrapper 18.5 6.4 20/1 265 17 0.72 0 14 


level so as to prevent charring or destruction of fiber strength. 

The data in Table III showed that the clay could be used 
for three treatments before the wax content of the fiber ex- 
ceeded 1%. However, the clay life was prolonged by heating 
at 1000°F. to expel the adsorbed carbonaceous constituents 
as illustrated in Table III. A small percentage of clay es- 
timated at 0.3% would be lost during regeneration. This 
is caused by the degradation of granules into fines which are 
carried away by the combustion gases during regeneration. 

The waxed paper broke required shredding to a size such 
as 2 by 2in. or smaller which would not cause tangling in the 
various processing stages. 


Table Il. The Effects of Clay Loading, Temperature, and 
Contact Time on the Dewaxing Capacity 
Dewaxing of kitchen waxed paper broke original wax content: 


20-21% 
Clay 
loading, Wax 
parts content 
clay/ part Contact 0 
roke time, Temp., dewaxed 
Adsorbent wt. basis min. bo fiber 
Attapulgus clay 
20/40 mesh 2/1 10 250 We) 
20/40 mesh 3/1 20 250 0.40 
20/40 mesh 5/1 10 250 0.16 


The summarized operating and performance data obtained 
in the continuous pilot plant equipment are shown in Table 
D2 

For a plant size operation the waxed paper broke would be 
shredded using a conventional knife cutter, then pneumat- 
ically conveyed to a surge or storage bin. Granular 30/60 
mesh adsorbent consisting of new “makeup” clay, regenerated 
clay, and possibly partially spent clay would be fed at metered 


Table III. Life of the 30/60 Mesh Unregenerated Clay Ad- 
sorbent for Dewaxing Waxed Paper Broke Containing 
20.0% Wax Using 3 Parts Adsorbent Per Part of Broke 


No Regeneration 


Wax content of paper broke, %  ¢ 20-21% > 
Adsorbent/waxed broke ratio € 3/1 a 
Temperature, °F. < 250-260 > 
Contact time, min. —— 20 —_—_> 
Times adsorbent used 1 2 3 4 
Wax content, % 
Dewaxed fiber 0.61 0n5 (0589502746 
Adsorbent SO Onni mol Oneal 


Regeneration 
The dewaxing properties of the regenerated? 30/60 mesh 


3 Parts clay/part waxed broke, 
250° F./20 min. 


Attapulgus clay adsorbent Wax content Waz content 


of waxed dewaxed 

broke, % fiber, % 
First use 20-21 0.10 
After first regeneration 20-21 ORF 


After second regeneration 20-21 0.28 
After sixth regeneration 20-21 0.35 


a Regenerated by heating at 1000°F. for 30 minutes. 
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rates to the steam tube drier together with the broke. The 
adsorbent loading, the contact time in the drier and the tem- 
perature would depend on the nature of the broke and the 
dewaxing demand. The products from the drier would be 
screened over a vibrating or shaking sifter to separate the 
fiber from the partially spent clay. At this stage a certain 


Table IV. Pilot Plant Dewaxing of Waxed Paper Broke in 
al Ft. Diam., 8 Ft. Long Steam Tube Drier 


Waxed paper broke charge 


NW ekeoV ICTR MO Peace ictus neces GAUSS BSiehGi ea SIORBOE 18.5 

Polyethylene:content,9%.... +. .0. 2.4. st 2 6.4 
Charge to steam tube drier, lb./hr. 

Waxed paper broker a ac ae ieee ae ee 6 

New 30760:meshrclay iar nee era erin 40 

Partially sepenticlayiry-1reMei tee acter rere 80 

Clay loading—parts clay/part broke............ 20/1 
Temperature, °F 

Steamiinle tics 08 tices ie, cee eae 350 

PTOCU CEM hater his ee Ee ee ero 260-265 
Average time in drier, min... ........-2-.-25.5-- 17 
Dewaxed fiber 

Wiaxscontent,:/5 mmesse ac chee ea 0.7 

Polyethylene content, %..........-+--+--++++: 0.1 


portion of the partially spent clay could probably be recycled 
to the system and the remainder regenerated in the direct- 
fired kiln. The portion to be regenerated would depend on 
the dewaxing demand. The partially spent clay and the 


Table V. Estimated Operating, Equipment and Installa- 
tion Costs for Dewaxing Waxed Paper Broke to Produce 
25 Tons per Day of Reclaimed Fiber 


Estimated direct operating costs, 
less overhead, amortization, 
iM tialeclay cc halle eee a eee 8.57/ per ton re- 
claimed fiber 
48 ,000 lb. ($1440) 


Initialiiclayechargesa.. = ste 
1056 lb. 


Daily clay consumption............. 


regenerated product would be conveyed to separate clay bins. 
The “makeup” clay needed to compensate for the clay losses 
would be charged to the regenerated clay bins. 


Presented at the meeting of the Metropolitan District of the Empire State 
Section of TAPPI, held in New York, N. Y., Dec. 8, 1959. 
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Some Special Problems in the Use of Reclaimed Paper Fibers 
D. B. Geffkin 


Tue reclamation of paperboard that has been lam- 
inated with cellophane, glassine, saran, or similar materials 
and the reuse of paperboard that has been coated or ex- 
truded with plastics such as vinyl copolymers or polyethylene 
presents some difficult problems. 


The Sealright Co. enjoys a most enviable reputation in the 
field of moist food packaging. This reputation has ac- 
companied the Sealright name for more than 40 years since 
the inception of the company activities in paperboard con- 
version in 1917. Sales in 1959 will exceed 50 million dollars, 
largely because of the increased use of Sealright products in 
the packaging of moist foods. The increased sales volume of 
the Sealright Co. stems from the successful marketing of at- 
tractively decorated paper containers equipped with a pro- 
tective film such as cellophane, glassine, or saran, or plastic 
coatings such as vinyl copolymers or polyethylene which are 
designed for moist food applications. 


In 1959, the Sealright Co. will consume in excess of 90,000 
tons of paperboard. During the first 11 months of 1959, 
Sealright converting plants located in Los Angeles, Calif., 
Kansas City, Kan., Peterborough, Ont., and F ulton, N. Y., 
transferred to the paper mill at Fulton their converting 
plant waste fiber. This waste must be reused or the present 
profit structure of the corporation would be reduced. There 
can be no doubt in anyone’s mind that to us the reuse of plas- 
tic coated fiber is an absolute necessity. 


Paper mill procedures for the repulping of laminated waste 
have not changed much in the last 15 years. Laminated 
waste is charged into a 14 ft. hydrapulper and repulped with- 
out the use of chemicals. Saran and cellophane materials are 
stripped from the paperboard and will pass through the pulper 
extraction plates if the quantity is not excessive, otherwise 
the extraction plates become sealed off and prevent transfer 
of the disintegrated stock to the pump. Saran film used in 
window covers is the most objectionable material that we use. 
Cellophane is next in degree of objection. Glassine will break 
up sufficiently to permit extraction. It has been our ex- 
perience that a furnish consisting of 20% of saran type wastes 
will cause trouble is used regularly. 


Recently we were in a mill producing a lined grade 
of board for Sealright from raw materials that we sup- 
plied. This mill was equipped with a 20-ft. continuous hy- 
drapulper which handled laminated waste much more satis- 
factorily than the batch type pulper. Much of the laminated 
material became entwined on the rope and was removed, 
However, the continuous pulper will not solve the problem 
completely. Evidence indicated that extraction through the 
8/s-in. holes was seriously slowed down after two days of 
operation. 


Other mills have probably experienced some of these prob- 
lems. I have seen small orange peel buckets hooked up above 
pulpers to accelerate the removal of nonfibrous materials from 
the pulper when it is empty. Other mills have to send men 
into the empty pulper to remove the waste by hand. 

From the standpoint of furnish costs the more widespread 
use of laminated paperboard has caused furnish costs to in- 
crease. It used to be possible to prepare liner stock from cer- 
tain high grades of wastes. Liner furnishes prepared from 
laminated wastes cannot be tolerated because of the presence 
of shiners. 

Turning attention to a newer problem, the reclamation of 
plastic coated fiber is more difficult and costly. The Seal- 
right plastic coated milk bottle and food container is ten years 
old. The product was developed, manufacturing equipment 
installed and waste was generated. Our paper mill had to 
perfect a satisfactory fiber recovery process. To our knowl- 
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edge, no one else was attempting to reprocess this type | 


waste. So we perfected a successful method to handle vinyl- 
ite coated board. M. R. Kinne has described the system in 
an article entitled ‘‘A System for Reclaiming Vinyl Coated 
Fiber’? which appeared in Tappi 39, No. 8: 168A-169A 
(Aug., 1956). 

The recovery of this material does not involve deinking. 
The inks are alkali resistant and chlorine resistant. Our 
results are obtained by mechanical methods alone. Now, to 
mention a few of the problems: 

1. The stock would not disintegrate in the regular hydra- 
pulper. 


2. A new type pulper having a 400-hp motor was pur- | 


chased to disintegrate the stock (5000-Ib. batch). 

3. Hot water (160°F.) was necessary to insure satis- 
factory separation of plastic from fiber. Water temperatures 
of 140°F. produced excessive splintering of the plastic film. 

4. The high percentage of plastic made screening dif- 
ficult. We resorted to series screening on Jonsson screens 
followed by a Vibrotor equipped with 10-out plates. Capacity 
of the equipment is minimized by the excessive quantity of 
rejects. 

5. Demands for a stock of higher quality required cen- 
trifugal cleaning. 

6. Striving for a product of maximum purity and a system 
that will permit greater production, experiments are now 
under way using a Centriscreen. Initial results indicate 
that cleanliness will be improved. We are now trying to 
determine the best location for the Centriscreen. 

7. The presence of unscreened plastic particles sometimes 
makes it difficult to produce a hard sized sheet. 

8. Small particles of printed plastic in the filler require 
up to 0.006 of liner to satisfactorily cover and thus push 
furnish costs higher and at the same time reduce the quan- 
tity of filler stock that can be consumed. 

9. Equipment required to process these types of waste 
is expensive ($300,000 for a 35 ton per day recovery plant). 
But an additional 35 ton per day can be processed with an ex- 
penditure of an additional $85,000. 

Plastic coated solid bleached grades formerly used for liner 
must be processed to remove the plastic. Carloads of un- 
printed plastic coated solid bleached grades sold to other mills 
who intended to use the waste for top liner stock discovered 
that the plastic coating rendered the material unsuitable for 
liner and have rejected the entire shipment. 

A more recent problem that has challenged us is the in- 
creased use of wet-strength resins in paper. The combina- 
tion of neoprene and wet strength resists alkali, acid, and 
alum. We have not been able to repulp the waste satisfac- 
torily. Recently, we purhcased a high-speed Sprout Waldron 
hammer mill which when equipped with a !/g-in. perforated 
plate produces a very fine fluff that somewhat resembles 
groundwood in quality. This fiber:does not wet out easily. 

We have found that we can incorporate about 4% of this 
stock in the furnish of 0.014 to 0.017 sheets and up to 20% 
in sheets from 0.020 to 0.040 thick. 

The latest problem that confronts us is the reuse of poly- 
ethylene coated or extruded board. We have found that the 
hydrabeater does not do a good job disintegrating polyeth- 
ylene because its action is too violent. We are presently in- 
stalling equipment which we believe will enable us to satis- 
factorily process polyethylene waste. Briefly, we intend to 
cut the waste into small pieces approximately 3 or 4 in. 
square and pulp the stock in the hydrapulper using water at 
180°F. Temperature of 210°F. would be desirable but dif- 
ficult to attain and operate. In this respect, TAPPI Mono- 
graph No. 16, Deinking of Wastepaper, may contain helpful 
information. 

This talk has been necessarily abbreviated and presented 
somewhat in outline form. We do not claim to have the 
best solution for this important problem, but we do salvage 
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important raw material which is costly to replace and has 
_ such a forceful effect on the finished price of our product and 
the profits of the company. 


Presented at the meeting of the Met lit: istri i 
Section, held in New York, N. Y., Decne pees aa a CCR EAB ae 


Italian 


Meeting of the officers of Italian TAPPI Section was held 
at the Italian TAPPI head office, Corso Matteotti 8, Turin, 
on Feb. 16, 1960, at 10:30. 


Present: 
Piero Bersano 
Giorgio Cerio 
Pietro Ghisoni 
Vittorio Gilberti 


Alessandro Restagno 
Leto Ridi 
Giuseppe Villa 


The following gentlemen also attended the meeting: 


Edoardo Cirla 


Carlo Ruspa 
Carlo Gregotti ) 


who are members of the 1959 Executive Committee. 
AGENDA 


Designation of local section officers; appointment of the 
Executive Committee; program for 1960 and TAPPI pub- 
lications; 1960 Conference of the Study Group of European 
TAPPI Members; National meeting or poplar and fast 
growth softwood; financial situation. 

The committee designated the local section officers by 
appointing: Piero Bersano as chairman; Pietro Ghisoni and 
Leto Ridi as vice-chairmen; Alessandro Restagno as secre- 
tary-treasurer. 

The 1959 Executive Committee was selected again for 1960 
and will include the following gentlemen: Edoardo Cirla, 
Carlo Gregotti, and Carlo Ruspa. 

Mr. Bersano stated that all TAPPI local sections are urged 
to hold elections at the end of March; therefore to include 
the Italian Section in the normal TAPPI year, the officers 
resolved that the next elections should take place in March, 
1961. 

As regards the 1960 publications, Mr. Gregotti suggested 
that those mills which have technicians who know English 
should assist in translating the TAPPI monographs. 

The specimen of the Italian translation of the monograph 
on “Paper Loading Materials’ aroused a keen interest among 
technical people, so that similar efforts should prove very 
useful in forming a technical paper documentation in the 
Italian language. 

On the ground of these considerations officers took upon 
themselves the following tasks, viz.: 


Mr. Ridi: Monograph No. 18, ‘“‘Water Technology in the Pulp 
and Paper Industry.” 

Mr. Gregotti: Monograph No. 2, “Saving Fourdrinier Wires.” 

Mr. Bersano and Mr. Restagno: Monograph in Print on 
“oroundwood.”’ 

Mr. Cirla, Mr. Ghisoni, and Mr. Cartiere Burgo, Mantova: 
Monograph No. 10, ‘The Bleaching of Pulp.” 


Regarding then the translation of the Data Sheets, Mr. 
Cirla will examine the possibility of including such transla- 
tion in the work program of the Testing Methods Committee. 
Should this not be possible, a group of technicians shall be 
appointed for this assignment. 

The officers agreecon accepting the proposal sent to TAPPI 
by the management of the Graphicus magazine to have this 
magazine sent to all the Italian members of TAPPI. 

This magazine will publish the reports of the Testing Meth- 
ods Committee which also concern the graphic arts field, 
such as ‘Conditioning of Work Rooms,” etc. 

Mr. Bersano informed them of the tentative program of the 
Study Group of European TAPPI Members Conference to 
be held in Luzern on September 12-26 next. 
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MONDAY, SEPT. 12, 1960 


10:00-12:30 & 2:30-5:30. Papermaking 


. The Problems of High-Speed Machines (Beloit). 
. Formation on the Wire (Film—Cartiere Burgo). 
. Adhesion to Couch and Presses (Mr. Hendry). 

. Drying (Mr. Nevrell). 

. Instrumentation. 


orRWNrR 


TUESDAY, SEPT. 13, 1960 


9:00-12:30. Education for Papermaking in Europe 


1. A panel representing the educational institutes consisting of: 
Mr. Steenberg, Mr. Hudson, Mr. Brecht, Mr. Adamik, and a 
French representative. (The secretary will contact Mr. Cen- 
tola in order to know his opinion as to the advisability of his 
attending this panel.) 

2. A panel representing the paper industry: an Italian represen- 
tative, a French representative, a Swedish representative, a 
British representative, a German representative, and an Aus- 
trian representative. (Officers invited Mr. Ghisoni to repre- 
sent Italy at this panel and we are awaiting Mr. Ghisoni’s 
answer to this respect. ) 


2:30-5:30. Two Discussion Sessions 


. How to Introduce the Educated Man into the Paper and Pulp 
Industry and Make the Best Uses of His Abilities (Mr. Rance 
and Mr. Steenberg). 

2. The Efficient Utilization of Research Ideas in the Practical 

Field (Mr. Griinwald). 
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WEDNESDAY, SEPT. 14, 1960 


:00-12:30. The Sulfite Pulps 


High Yield Sulfite Pulping (Mr. Borisek). 

A General Discussion of Sulfite Pulping (under the super- 
vision of Mr. Giertz). 

The Present Situation in Bleaching (Mr. Giertz). 


Co 


FRIDAY AND SATURDAY, SEPT. 16 AND 17, 1960 
Visits to Attiesholz, Utsendorf, Deiswel, and Cham. 


For the National meeting of ‘Poplar and Fast Growth 
Softwoods” to be held in Turin on April 24 and 25, 1960, 
organized by the Turin Chamber of Commerce, the “Instituto 
Nazionale per le Piante da Legno’’ and ‘““H.N.C.C.,” the co- 
operation of TAPPI has been requested for the development 
of the following program: 

Aprit 23: Visits to the estates at Casale and Millerose. 

Aprit 24: This day shall be devoted to the reports of 
agrarian technicians. 

Aprit 25: This day shall be devoted to the industrial uses 
of national timber. 

In the morning: The following papers will be delivered: 


“Utilization of a Wide Variety of Fast Growth National 
Wood” (Mr. Bersano). 

‘(National Wood Raw Materials and Their Use in the Paper 
Industry” (Mr. Bosso). 


These papers will be followed in the same morning by papers 
delivered by other technicians on the utilization of national 
timber in industries not concerned with paper, such as furni- 
ture, plywood, etc. 

In the afternoon there will be four panels on the following 
subjects: 


1. Varietal Control (with the attendance of a TAPPI repre- 
sentative). 

2. Mechanization of Plantations, Fellings, and Transports 
(with the attendance of two TAPPI representatives). 

3. Piling up and Preservation of Timber in Stores (with the 
attendance of two TAPPI representatives). 

4. The Italian Industries Using Poplar, and the European 
Common Market (with the attendance of Mr. Bersano, 
Mr. Bossi, and two other TAPPI representatives). 


Therefore we should find seven TAPPI representatives. 


1. “Varietal Control,” with the attendance of Aron Levi of 
Cartiera Vita Mayer. 
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2. “Mechanization of Plantations, Fellings and Transports,”’ 
with the attendance of Carlo Ruspa of Cartiere Burgo and 
perhaps of Domenico Galanzino, too, of Cartiera Italiana. 

3. ‘Piling Up and Preservation of Timber in Stores,’’ with the 
attendance of Giorgio Cerio of Cartiera Italiana and of 
Giuseppe Villa of Cartiera Villa. 

4. “The Italian Industries Using Poplar, and the European 

Common Market,’ with the attendance of Mr. Bersano of 

Cartiere Burgo, Giacomo Bosso of Cartiere Bosso, Vittorio 

Gilberti of Cartiere Donzelli, and of Flavio Frabetti of 

UTILE Co. 


FINANCIAL SITUATION 


Mr. Bersano stated to officers that the accounting period 
for 1959 closed with limited assets. 

After examination of the 1960 estimate balance sheet 
officers resolved: 

1. To call for funds—as already done in the last few 
years—of the supporting mills, addressing a copy of the letter 
to the person who will be able to take care of this matter. 

2. ‘To ask the New York TAPPI Headquarters whether 
it would be possible to get a contribution for the Italian 
translation of the monographs and their printing costs. 

3. To increase the annual dues of Associate Members for 
1961. Such increase from Lit. 3000 up to Lit. 5000 will be 
communicated at the middle of 1960. 

4. The translated monographs will be distributed free at 
a rate of one copy per each member and all the additional 
copies requested by TAPPI members or by other outside 
people will be sold at the price of Lit. 2500. 

Information will be given in the Italian TAPPI Bulletin. 

The British Technical Paper Association have sent the 
program of the meeting which will be organized in London on 
March 23 and 24, and have invited one or two representatives 
of the TAPPI Italian Section to attend such meeting as guests 
of the British association. 

The meeting ended at 12:30. 


Kalamazoo Valley 


Chairman Otto W. Kroeschell welcomed the 150 guests in 
attendance at the third meeting of the year of the Kalamazoo 
Valley Section which was held in the afternoon and evening 
of Dec. 3, 1959, at Inman’s Restaurant, Galesburg, Mich. 
The meeting was then turned over to James W. Winn, pro- 
gram chairman for the meeting, who introduced the speakers. 

The first speaker was John Vanderhoff, associate scientist 
of Dow Chemical Co., Midland, Mich., who spoke about the 
“Mechanism of Latex Film Formation.’’ Vanderhoff dis- 
cussed the theoretical aspects of film formation and with the 
aid of slides and motion pictures of specially prepared latices 
of 1.5 to 2.0 » diam. due to the limitations of the ordinary 
light microscope, showed the films being formed. These 
pictures enabled one to see the Brownian motion of the latex 
before drying, the convection currents in a drop of latex 
as it dries and the spontaneous crystallization which takes 
place at about 75% solids when motion stops and film forma- 
tion starts. The use of a plasticizer does not alter the mech- 
anism of latex film formation, it only lowers the viscosity of 
the latex particles or the forces which resist deformation of 
the particle. 

Speaking on “Synthetic Polymer Emulsions in Pigmented 
Paper Coatings,’’ Paul J. McLaughlin of Rohm and Haas 
Co., Philadelphia, Pa., pointed out the rapidly increasing 
demand for coated papers in packaging and other fields. He 
mentioned the small binder to pigment ratio in paper coating 
versus paints and how the binding in paper coating is in 
effect accomplished by “‘spot-welding’”’ the pigment, as op- 
posed to a nearly continuous film of binder in paints. After 
tracing the development of binders from the natural water 
soluble materials such as starch and casein to the synthetic 
polymer dispersions, McLaughlin discussed the variables 
affecting the performance of polymer dispersion binders. 
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These variables were the polymer hardness, functional groups 
present in the polymer, and the molecular weight of the poly- 
mer. 

Robert W. Hagemeyer of Wyandotte Chemicals Corp., 
Wyandotte, Mich., who summarized the findings of TAPPI 
Project No. 600-—‘‘The Effect of Pigment Combination and 
Coating Solids on Particle Packing and Sheet Characteris- 
tics,’’ was the third afternoon speaker. This paper appeared 
in the March, 1960, issue of Tappz. 

“The Past, Present, and Future of Coating’’ was the sub- 
ject of the after-dinner speaker Harold Annis of Oxford 
Paper Co., Rumford, Me., and also vice-president of TAPPI. 
Starting in the mid-1930’s with the development of on the 
machine coating, Annis presented some of the more signif- 
icant developments which have brought the production of 
coated papers to its present high annual tonnage. Signif- 
icant was the tremendous amount of research time and money 
spent by both suppliers and consumers (paper producers) 
on basic studies of the behavior of pigments and binders. 

Meeting the challange of higher mailing costs by lowering 
the weight and caliper of coated paper without sacrificing 
quality is one example of the industry’s ability to satisfy the 
purchaser. The lower weights brought up another problem 
which was solved by the development of pickup felts. In- 
creased competition by lowering the price of paper has re- 
sulted in a demand for higher production rates and con- 
sequently new problems in control in order to maintain qual- 
ity. He stressed that before any high-speed coating, on or 
off the machine, is started, the wet end of the paper machine 
must be under control. High velocity coating is a desirable 
development especially as to cost and space when modernizing 
existing coating equipment. 

In regards to supercalendering, Annis thought that too 
much emphasis was put on high supering for maximum 
smoothness and gloss thereby lowering impression tolerance 
onprinting presses. Instead of this, thestock should be supered 
to optimum printability. Formulations of coating colors 
which will eliminate the need of supercalendering will be a 
great stride forward. 


January, 1960 


The silver anniversary of the joint TAPPI-PIMA “Paper 
Makers Get-together’’ drew nearly 500 persons to the Hotel 
Harris in Kalamazoo on Jan. 21, 1960. Many of the paper- 
makers attending the fourth annual Pulp and Paper Con- 
ference at Western Michigan University were in attendance 
as well as many former residents of the Kalamazoo area. 

Edward McFaul, Chicago management consultant and 
university professor, in his talk on ‘How to Keep Your Foot 
Out of Your Mouth,’’ warned the audience of the misunder- 
standings which arise through the careless use of words in 
communication. His talk illustrated the conversational 
pitfalls existing on the job and in the home by use of scores 
of anecdotes. 

R. G. Macdonald, assistant to the president of national 
TAPPI, and Harry Weston, national PIMA secretary- 
treasurer, traced brief histories of the local chapters of the 
two organizations. 

Toastmaster for the ‘“Get-together’”’ was L. D. Nicholson, 
vice-president of Hamilton Paper Co., Michigan Diy. in 
Plainwell. 


New England (Eastern District) 


The Eastern District held a dinner meeting on March 7 at 
Armand’s Beacon Terrace, Route 9, Framingham, Mass. 
Seventy members were present and enjoyed a delicious filet 
mignon dinner. 

After the banquet John Wendell, chairman, welcomed those 
present, invited them to attend the annual meeting in June at 
the Chatham Bars Inn and then introduced Jim Field, local 
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section assistant of National TAPPI who spoke briefly on the 
| efforts of National TAPPI to coordinate the activities of local 
/ sections. 
___ John Lewis, chairman of the New England Section, was in- 
troduced who urged the members present to attend the next 
t section meeting to be held at Storrowtown Tavern, at which 
)} time Dr. Nissen will speak on hydrogen bonding. The time 
_ for this meeting is 7:00 p.m. Mr. Lewis also mentioned that 
preparations are being made to form a new Western District 
of the New England Section. 

Roger Wiewel, program chairman, introduced James 8. 
Thornton, Frank W. Egan Co., who presented an illustrated 
talk on the equipment and equipment costs necessary for ex- 
trusion coating. Richard Loheed, Charles T. Main, Inc., 
discussed some of the operating variables associated with ex- 
trusion coating. A lively discussion period followed at which 
time both speakers attempted to answer each question. 

D. W. Loverine, Secretary 


Ohio 


The February meeting of the Ohio Section of TAPPI was 
held at Swifton Center, Cincinnati, Obio, and included a tour 
of the Evendale plant of Formica Corp. One-hundred and 
fifty people participated in the plant tour, while 254 were 
present for the dinner meeting. 

A paper prepared by William F. Drees, vice-president Re- 
search and Planning for the Formica Corp., was presented at 
the dinner by Larry Isaacson. Mr. Drees’s paper was entitled 
“Research and Development at Formica.’? Mr. Drees was 
unfortunately unable to be present because of illness. 

Grorce EB. Martin, Recording Secretary 


Southeastern 


The southeastern Section of TAPPI held their annual Jack- 
sonville meeting on January 22-23 at the Roosevelt Hotel. 
The group was welcomed by W. B. Jobbs, Jr., mill manager of 
the Owens-Illinois Glass Co., Mill Division, at Jacksonville. 

The technical program included the following: 


“Use of Titanium Equipment in Chlorine Bleaching, by Henry 
B. Meier, Riegel Paper Corp. 

“Production Use of the Accuray and Hygrotester,” by W. K. 
Burland, Container Corp. of America. 

“Some Recent Researches on Paper Making,’’ by Roy 12 
Whitney, Dean, The Institute of Paper Chemistry. 


The first paper reviewed the application of titanium to 
chlorine dioxide bleaching equipment. Particular attention 
was called to a titanium lined chlorine dioxide mixer in service 
since December, 1955. 

The application of the Accuray and Hygrotester to moisture 
and basis weight control was described. Variation has been 
reduced and quality improved through the use of the equip- 
ment. 

Dr. Whitney was the feature speaker of the evening. Hede- 
scribed recent research in the removal of water from dilute 
suspensions of fibers. This work has given a better under- 
standing of filtration and drainage on the paper machine. 

On Saturday morning, a visit to the Owens-Illinois mill was 
made by 55 members of the Section. 

A point of interest at the meeting was the attendance of 
several high schoo] and guidance counselors. 


Production Use of the Accuray and Hygrotester 
William K. Berglund 


Mosr of you already know that the control of basis 
weight and moisture content of linerboard as it comes off a 


Wituram K. Brereuunp, Staff Technician, Container Corp. of America 
Fernandina Beach, Fla. 
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high-speed linerboard machine is of major concern to the paper 
maker. He wants a sheet of uniform formation which in 
turn gives a more uniform and more easily controlled moisture 
level. Paper quality is a function of the pulp mill that pro- 
vides the machine with the raw material necessary to make a 
sheet with acceptable characteristics such as burst, tear, ten- 
sile strength, etc. The papermaker accepts this pulp stock 
and attempts to form a sheet with uniform caliper and weight 
that is free of wet streaks. 

These two very important variables, weight and moisture, 
have been controlled as best we can with the use of laboratory 
basis weight scales and laboratory moisture meters. Both 
of which, we must realize, are inadequate for controlling to- 
day’s high-speed machine and are inadequate for satisfying 
greater customer demands for a more uniform paper. 

It was these facts which led us to consider and finally pur- 
chase instruments for continuously measuring basis weight and 
moisture. After careful consideration we purchased and had 
installed an Accuray, which is manufactured by Industrial 
Nucleonies, Inc., and a Hygrotester manufactured by the 
Paul Lippke Co. of Germany. These were installed on our no. 
2 paper machine in July of 1957. The Accuray is for the 
measurement of basis weight and the Hygrotester for the 
measurement of moisture. 

I am not going to present a technical evaluation of these 
two instruments nor a detailed explanation of their theory of 
operation. What I want to tell you about is a method that 
we have found satisfactory for using these process control 
instruments for controlling basis weight and moisture. 

However, for the benefit of those who may not be at all 
familiar with the two instruments and how they perform, 
the following may be helpful: 

The Accuray has a radioactive source in what is called a 
detector head that rides on a track mounted over a drier roll 
on the paper machine over which the paper is passing. This 
is the primary measuring element. Its output signal ampli- 
fied and displayed as pounds per thousand square feet is re- 
corded on a strip chart recorder at the dry end of the machine 
and on a repeater strip chart recorder at the wet end of the 
machine. The dry end recorder has two chart speeds, one 
gives 1/, in. of chart travel per sheet scan and the other speed 
gives 5 in. of chart travel per scan. This is selected at the 
recorder, At the wet end of the machine there is also a de- 
tector head position indicator that tells the machine tender 
at just what position the detector headisin. Thisindicator is 
graduated according to the headbox slice positions. These 
two together tell the machine tender: (1) how much the sheet 
may be light or heavy and (2) at what position on the machine 
headbox to make corrective adjustment. On our machine 
the detector head scans the sheet as it passes over the top 
intermediate drier located between the calender stacks. 

The detector head scans the sheet from back to front every 
3 min. and automatically standardizes itself every 30 min. 
It also automatically moves off of the machine when the sheet 
breaks. 

The scanning detector or shoe of the Hygrotester scans the 
sheet as it passes between the 2nd calender and the reel drum. 
The signal from the shoe is recorded on a profile strip chart 
recorder as per cent moisture at the dry end of the machine. 
It is also recorded ona dot strip chart recorder as average mois- 
ture. This average is recorded every 20 sec. and records 
while the shoe is moving in either direction—front to back or 
back to front of the machine. The machine tender has a per 
cent moisture indicator and shoe position indicator also. 
This position indicator is also graduated in machine headbox 
slice positions. 

We have now taken these two instruments and established 
a procedure for using them that makes everyone well aware of 
their presence and causes complete dependence on them for 
weight and moisture control. Their reliability has been 
proved to the machine crews. Instead of the paper tester 
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weighing a few (in our case 8-sq. ft. samples) square foot sam- 
ples from each reel of paper on a laboratory basis weight scale, 
he goes over to the strip chart recorder in the middle of a reel 
and just before the reel is turned up and turns the chart speed 
to the faster position. At the completion of the scan he turns 
the recorder off and uses the center line of the adjustable scale 
to locate the average weight of the scan. He records this 
on the laboratory report as average reel weight. This scale 
is also divided into machine headbox slice positions and he can 
quickly determine at what position on the machine that basis 
weight is out of weight limits. These ‘out of limit’’ weights 
are also recorded on the laboratory report. At the completion 
of this weight check the paper tester returns the chart drive 
to the slower speed. The back tender can then watch the 
chart for machine direction variations in weight. The chart 
speed selected at the dry end recorder does not affect the chart 
speed at the wet end, so that the machine tender has an un- 
broken record of MD variations. 

The moisture check for each reel is made in much the same 
way. The paper tester turns the profile recorder on and as 
the shoe starts to make a scan from the back to the front of the 
sheet, the signal is received by the profile recorder. After the 
scan record is made the tester positions a movable hair line 
to the average of the scan and records this value on the re- 
port. 

The door glass on the front of the profile recorder is marked 
off in slice position divisions, and any “out of limits’’ points 
are noted. Current limits are 5 to 8%. 

An additional duty of the paper tester is to stand by the 
Accuray control panel during an extended paper break or 
weight change and remotely position the detector head over 
the tail as it comes over the drier, thus giving the machine 
tender an immediate check on weight. He also changes the 
range selector switches on the control panel to select the ap- 
propriate instrument ranges for the different grades. This 
gives a center scale reading for each grade that we run. 

Thus, by this method of weight and moisture determination 
we are accepting or rejecting our entire machine production. 
The operating crews have a continuous check on the produc- 
tion; we have a continuous, complete record of it. Immedi- 
ate plans for the future are to have a slot made in the bottom 
of each recorder so that the chart feeds out the bottom of the 
case and can be torn off at the end of each reel turn up. This 
chart will then be stamped with the time, reel number, burst 
data, and other test results and filed with the daily production 
records for as long as we feel is necessary. We are also inves- 
tigating a digital readout system for averaging the scans. 

I believe that this continuous testing and hence controlling 
of weight and moisture may be a first in the paper industry. 

An Accuray is checked once each 8-hr. shift in a way we 
have found to be very reliable and perhaps unique. We have 
a linear footage counter at the rewinder that is turned on at 
the start of the rewind of the reel. We use this total figure 
along with the entire trim width and total scale weight and 
calculate the average weight per thousand square feet. This 
is compared with the average estimated weight of all of the 
scans made by the instrument during the reel turn up. The 
results usually agree within a few tenths of a pound basis 
weight. The Accuray is also checked weekly by the Instru- 
ment Department with standard calibrating plates. 

The Hygrotester is checked weekly by the Instrument De- 
partment with a standard calibrating plate and weekly by the 
Technical Department with oven dried samples. 

I have attempted to outline our product control procedure. 
We believe the instruments along with an exact procedure for 
the operating crews to follow in using them has greatly im- 

proved the uniformity of our linerboard. It has resulted in 
less rejected board on grade changes and machine startups. 

I should mention in closing that the use of these two instru- 
ments in experimental work that has been started in investi- 
gating the machine steam system, condensate removal sys- 
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tem and the secondary process systems on the machine is 0 
equal if not greater importance than their use as a product 
quality control tool. 


Presented at the Southeastern Section of TAPPI, held in Jacksonville, Fla., 
Jan. 22—23, 1960. 


Some Recent Researches on Papermaking 
Roy P. Whitney 


In Terms of the age of the paper industry, the continu- 
ous paper machine is a relatively recent development. It} 
was the invention of Nicolas-Louis Robert in France in 1798, 
but it fell to the Fourdrinier brothers in England in the early | 
18 hundreds to develop the machine, make it practical, and give 
it a name. There have been many improvements since, of | 
course, and today’s giant machines here in the south would | 
seem to bear little relation to the original fourdrinier. Actu- } 
ally, the fourdrinier is still almost completely unchanged in | 
principle from the earliest models. Its evolution, particularly | 
toward increased widths and speeds, has aggravated inherent | 
problems which probably were not known to exist in the early | 
years of the machine, and today it is more than ever essential | 


| 
| 


that we gain an increased understanding and control of its | 
operation. It is my personal belief that more progress has | 
been made toward this understanding in the past 10 to 12 | 
years than was achieved in the hundred years preceding this | 
period, and I want to discuss some of this relatively recent 
research. Perhaps we should also ask ourselves whether or 
not the experience of the past 160 years has suggested any | 
inherently better techniques for making paper. 

The manipulations essential to the preparation of a sheet of 
paper from a water suspension would seem to the uninitiated to 
be relatively simple. While there may be several possible | 
approaches, we might set up the requirements this way: | 
First, we need a uniform, completely dispersed, dilute suspen- 
sion of cellulose fibers. We know, of course, that these fibers | 
must have been refined in order to give us the characteristics 
we desire in the finished sheet, and that for a variety of reasons 
we need several other ingredients beside fibers in our furnish. 
However, let’s keep our model system as simple as possible. 
Next, we need some sort of “forming’’ device to spread the 
fibers out into sheet form and get rid of most of the water. 
In its simplest manifestation, this still seems to require a 
screen fine enough to catch the fibers as the waterflowsthrough. 
So we just introduce our ideal suspension to the forming device, 
without causing or permitting any disturbances or changes 
which would interfere with uniformity, drain the water away, 
remove the mat and dry it, and we have a well-formed sheet of 
paper. 

Unfortunately, numerous complications arise in actual 
practices, as you wellknow. The first one is that we usually 
compromise with ideal conditions for the sake of the economy 
and the practical limitations of commercial production. 

In our present-day, continuous sheet-forming systems, 
whether fourdrinier or cylinder machine, we have so far found 
it impossible to meet even the first requirement—that of 
starting with a uniform, completely dispersed fibrous 
suspension. The fibers have remarkable desires to flocculate 
into clumps and agglomerates. While this agglomerating 
tendency can be discouraged by certain chemical additives, 
complete dispersion requires that we go down to furnish 
consistencies in the range of 0.01 to 0.001 of 1%—a level much 
too low to be feasible commercially. 

Since we can’t prepare and maintain a dispersed slurry, we 
try to break up the flocs just before the furnish flows into the 
forming device. I would venture to observe that we still 
have some things to learn about how best to accomplish this. 

By a variety of means, we cause to flow into the former a 
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slurry of quite uniform consistency, more or less evenly dis- 
tributed, and not badly flocculated. Our problem now is to 
remove the water and form the sheet without permitting dis- 
turbing influences to upset the system and to impair sheet 
formation. By-passing for the moment such extraneous dis- 
turbances as vibration, inertial and direction effects and the 
like, it is probable that the tendency of the fibers to flocculate 
again during drainage is the most serious deterrent to good 
formation. Thus, we are led to the conclusion that paper- 
making in its simplest and most basic sense is _ essentially 
a competition between two rates—the rate of drainage on the one 
hand, and the rate of fiber flocculation on the other. We need to 
get the water out of the slurry before fiber flocculation has had 
time to take place to a detrimental extent. The problem is 
further complicated by the fact that neither rate is indepen- 
dent of the other. 

I’m sure you realize that I am presenting an oversimplified 
picture, particularly to focus attention on the essentials. 
Among the other factors which affect the papermaking opera- 
tion, two stand out as being of great importance. These are 
the instability of the wet mat during formation, and the 
profound effect of the fines on both drainage and sheet proper- 
ties. I shall have more to say of these as we go along. 

For reasons which I have tried to outline, much of the basic 
research on papermaking during the past few years has been 
concentrated in two areas—studies of the drainage of water 
from fibrous suspensions, and studies of fiber flocculation. Of 
the two, by far the more effort has gone into the drainage 
study, and the more progress has been made. Although the 
flocculation of fibers has been studied sporadically for many 
years, and is now being attacked more systematically in sev- 
eral laboratories, our understanding of this phenomenon is still 
nebulous. Any adequate insight as to the interaction of the 
two processes of drainage and flocculation is still in the future, 
and this of course is of greatest interest from the practical 
papermaking standpoint. The recent work on drainage is 
highly significant, in my judgment, and it is this which I 
want particularly to discuss. 
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Now, if we are going to try to understand quantitatively 
the drainage of water on 3. paper machine—any kind of a paper 
machine—we must have a physical picture with which to work. 
The simplest one is the engineer’s old standby—the concept 
that the rate at which an operation proceeds is directly propor- 
tional to a driving force and inversely proportional to an op- 
posing resistance. Such a relationship is expressed by the 
first equation on Fig. 1. The same relation, with different 
symbols, is used to express the rate of heat transfer, or mass 
transfer. When applied to the flow of electric current, it is 
called Ohm’s Law. When applied to filtration, as in this in- 
stance, it is d’Arcy’s Law. 

Filtration can of course be conducted according to any de- 
sired schedule of externally imposed conditions. A constant- 
rate schedule turns out to be very useful in experimental 
studies. A constant-pressure-drop schedule is of great com- 
mercial interest in the paper industry, since washers, cylinder 
machines, suction boxes, suction couches, even table rolls, 
approximate this schedule of operation. You see d’Arcy’s 
equation rearranged for these two cases in Fig. 1. 

Our approach to a quantitative understanding of drainage, 
on any kind of equipment, must be through an understanding 
and an elucidation of the various terms in this equation. Of 
these, two—the pressure drop and the resistance—are the vi- 
talones. Let’s take a look at them generally, and then try to 
apply what we learn to a few specific cases. 

The pressure drop, which is the driving force causing filtra- 
tion, is usually well-defined and easily measured. On an 
open cylinder, it is the head difference from outside to inside. 
On asuction box or suction couch, it is the vacuum maintained 
ontheinside. Ona table roll, the situation is not at all simple, 
however, and we shall have to consider this later. 

Turning to the resistance term, the concept of an “average 
specific filtration resistance’ can easily be demonstrated to 
have validity for a filter bed comprised of noncompressible 
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particles like glass beads or sand. In such cases, the specific 
resistance is essentially independent of the externally imposed 
conditions like the pressure drop. There has been a great 
deal of research at the Institute during the past ten or so 
years to prove that the specific resistance concept is also valid 
for a bed made up of a compressible material like cellulose 
fibers. I don’t want to dwell on the background work this 
evening, because I expect many of you are familiar with it. 
Filtration resistance is coming to be recognized as an impor- 
tant property of a pulp slurry. It has a much wider utility 
than in drainage studies, but we won’t have time to get into 
that this evening. 

Filtration resistance can easily be measured in the labora- 
tory, in an apparatus such as shown in Fig. 2. Either a con- 
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stant pressure or contant rate schedule can be used, although 
the latter is much more convenient and yields a result more 
nearly free from the effect of creep. The resistance depends 
greatly on the nature of the furnish—the kinds of fiber, how 
they have been refined, and particularly the amount of fines 
and debris present. It also depends greatly on the pressure 
drop across the mat; since the fibers are compressible, the 
greater the pressure the greater the degree of compaction of 
the mat, and therefore the greater is its resistance to fluid flow. 
Measurements on various pulps and furnishes have yielded 
specific resistance values covering more than a thousandfold 
range. 


Freeness is an inverse qualitative measure of drainage re- | 


sistance, but the freeness test is empirical and uncontrolled, 
and it cannot be interpreted quantitatively and applied to the 
operation of commercial equipment. Figure 3 shows some 
data comparing freeness and filtration resistance. You can 
see the insensitivity of freeness, particularly in the high and 
low range. : 


Now, with this much background, our object is to try to 
applv these concepts of driving force and resistance to various 
commercial equipment to see what we can learn. Probably 
the most complicated and difficult example is the fourdrinier, 
but it is also the most important, so we may as well start there. 

Let’s consider for a moment a typical fourdrinier, op- 
erating on any common grade of paper. The one shown 
in Fig. 4 happened to be operating at quite a low speed, 
but the picture is the same at higher speeds. As you can 
see, the headbox consistency was about 0.5%, which gives rise 
to the figure of about 200 Ib. of water flowing onto the wire 
for every pound of paper. The table rolls removed about 
140 lb. of water, or 70% of that entering. About another 56 
lb., or 28%, came out on the suction boxes and the suction 
couch. Removal] of the remaining 4 lb., or 2%, was about 
evenly divided between the presses and the driers. 

The importance of the table rolls as water-removing de- 
vices is apparent from these figures. But this was not always 
recognized; table rolls were in fact originally conceived 
and employed soley to support the wire while the sheet was 
being “‘formed.’’? But as machine speeds increased, it became 
apparent that they were moving a great deal of water, and that 
they must, by some means not understood, be acting as suc- 
tion pumps. Although the nature of this pumping action was 
speculated upon as many as 30 years ago, it has only been 
within the past decade that a logical interpretation of the 
phenomenon has been developed. 


You are well aware that drainage at a table roll takes place 
in the “nip’’ downstream from the point of contact between 
wire and roll, as indicated in Fig. 5. This is a very small dis- 
tance compared with the roll diameter, and is of course not 
nearly so large nor so well defined as this diagram would sug- 
gest. Nevertheless, this is the critical area, and we must try 
to understand what goes on here. To do so, we must con- 
sider the driving force and the resistance separately. 


Until 1950, the only driving forces recognized at the nip 
were the small hydrostatic head of slurry on the wire, and the 
slight suction leg represented by the “nip.’”’? These were at 
most an inch or so of water, and could not begin to explain 
the high drainage rates or the fact that the rate increases so 
greatly with speed increases. Through a remarkable theo- 
retical analysis by Sir Geoffrey Taylor at Cambridge University 
and some ingenious experimental work by Peter Wrist who was 
then at the British Paper and Board Industry Research As- 
sociation, we now know that the major driving force is a suc- 
tion developed in the downstream nip between wire and table 
roll. This suction is related to the kinetic energy of the flow- 
ing stock and consequently increases with the square of the 
machine speed. In fact, Taylor’s equations indicate that the 
suction reaches a maximum value of 34 ft. of water—that 
is, a perfect vacuum—at a machine speed of 2800 fip.m. Ac- 
tually, because of the evolution of air and boiling of the water 
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at the very low pressure, the maximum suction effect of the 
table roll is reached at about 2500 to 2600 f.p.m. Boiling in 
the nip at these speeds has been observed in high-speed movies. 
For the first time, therefore, we have a concrete physical pic- 
ture of table roll action, and also a concrete limitation on ma- 
chine speed, for the conventional fourdrinier. Above about 
2600 f.p.m. the suction stays constant, and we must increase 
the number of table rolls in direct proportion to speed increases 
in order to maintain equivalent drainage. 

Figure 6 shows a pressure profile at a table roll, and is taken 
from Wrist’s work. You can see that the picture is compli- 
cated, and also the small area over which there is a driving 
force to cause drainage. 

Now we have to see if we can apply the resistance concept 
at a table roll, and this also turns out to be complicated and 
difficult. We know now how to measure resistance in the 
laboratory, but we don’t known whether this value can be used 
to calculate drainage at a table roll. In order to find out, we 
need drainage measurements at individual table rolls, and this 
is not easily done, particularly at high speeds. There have 
been a few such measurements, and I shall refer to some taken 
on the same fourdrinier referred to earlier. It was running on 
bond paper, at about 350 f.p.m. 
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Figure 7 shows the flow rate from individual table rolls. 
As you well know, the flow rate drops off very rapidly as the 
basis weight of the sheet builds up. 

Now, if we determine the pressuredriving force from Taylor’s 
equation, we can calculate the total resistance at each table 
roll by a process of graphical integration. As you see in 
Fig. 8, the total resistance goes up as the basis weight in- 
creases, but if this were the only effect, the line would be 
straight. Since it curves upward, the specific resistance is in- 
creasing also—that is, more than the basis weight is influenc- 
ing the resistance. The basis weight can be calculated 
from drainage rate and consistency, and also checked by 
taking scoop samples on the wire. Introducing this quantity 
permits us to calculate the specific resistance, shown in the 
next slide. 

You see in Fig. 9 that the specific resistance, which is inde- 
pendent of basis weight, does indeed increase as we go 
down the wire. Without making a long story of it, the reason 
is known to be the greater retention of fines as the sheet 
gets thicker. Fines have a tremendous effect on filtration 
resistance, and this must always be reckoned with. You 
might make a mental note of the approximate value of the 
resistance—from about 0.2 to 0.5 in these units—so we can 
compare it with laboratory values. 

In Fig. 10 we have the laboratory measurements of filtra- 
tion resistance of the stock taken from the end of the table roll 
section. To make our comparison, we must know the effective 
pressure drop developed by the table rolls, and this can now be 
calculated from the machine speed. The maximum suction 
turns out to be 10 cm. of water, and the average about 5 
em. of water. Taking 5 as representative, you see that the 
laboratory resistance is about 3.5, compared with about 0.5 on 
the machine. This is a considerable discrepancy. 

Now, there are a number of reasons for this difference— 
flocculation on the machine and not in the laboratory, for 
‘nstance—but the overwhelming reason has to do with the 
way the pressure is applied on the machine. The nip length 
is short compared with the wire length between nips, and the 
pressure is applied only in short impulses, which on this 
machine were of about 0.01 sec. duration. Under these condi- 
tions, the mat just never reached an equilibrium degree of 
compaction. Furthermore, the mat tends to be expanded as 
it comes into a table roll because water may be thrown up 
through it from the run-around on the roll. You may remem- 
ber Wrist’s data which showed a positive pressure upstream 
from the nip. 
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There has been a lot of work, whichis stillin progress, on the 
behavior of wet mats under pressure impulses of very short 
duration, and we think we are making progress. In the mean- 
time, it has turned out that it is quite possible to apply empiri- 
cal correction factors which permit laboratory resistance 
values to be used in machine design, and we have been able to 
predict the behavior of table roll sections with considerable 
accuracy. 

We could go on and on, and discuss the application of these 
concepts to many different cases. However, it is getting 
late, and you would soon be bored if you aren’t already. I 
picked table rolls for particular discussion because they are the 
most difficult, the analysis is most unsatisfactory, and they are 
the most important water removers in present-day machines. 
In the case of suction boxes, couch rolls, etc., the pressure drop 
is easily determined, the laboratory resistance values can be 
applied directly, and we can do a good job of analyzing and 
predicting performance. 

To us, the most exciting utility of these new concepts is in 
paper machine design. We look forward to the day when 
laboratory measurements on a desired furnish can be used, in 
conjunction with an adequate understanding of the princi- 
ples and the phenomena involved, to design on a quantitative 
basis the ideal paper machine for handling this furnish. That 
day is not yet here, and there are many complex problems yet 
to be resolved which I have ignored completely, but we feel 
that the goal is attainable. In one or two cases, we have 
studied a certain furnish, predicted its behavior at a given 
speed, and then made extensive measurements on an opera- 
tion to check up on our predictions. While there have been 
discrepancies, the attempts have been most encouraging. 

It would be premature to suggest that the fourdrinier is be- 
coming obsolete, yet, as you well know, there is much interest in 
other means of wet forming. This interest has undoubtedly 
been encouraged, in part at least, by the strong trend toward 
increased machine speeds and the inherent difficulties which the 
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higher speeds exaggerate. It is almost axiomatic that sheet 
formation and uniformity deteriorate rapidly as speed is 
increased. From only the standpoint of fiber flocculation, 
one would predict that sheer formation should be improved 
at higher speeds, since the time available for flocculation 
decreases. The difficulty is not fiber flocculation, but un- 
doubtedly is due largely to greatly exaggerated mechanical 
disturbances, particularly in the table roll section. When 
one observes the vibrations, the waves, the water sprouts, and 
all of the other effects, particularly violent at the very low con- 
sistencies near the slice, he wonders not only how a mathemat- 
ical analysis could possibly be applied to such a system, but 
how paper can be made at all. In spite of the complexities 
involved, recent research at the University of Michigan—re- 
search sponsored by TAPPI—suggests strongly that some of 
these difficulties are inherent in the table roll action. While 


the table rolls may be very effective as water removers, they | 
would seem to have serious deleterious influences on sheet | 


properties at high speeds. : 


The research which I have discussed has led to significant | 
new understanding, not only of the existing papermaking | 


techniques but also of the requirements for improved forming 
methods. 


It is essential that it be continued, for like most | 


research it has raised as many questions as it has answered. | 


It is not necessary, however, that new developments await a | 


complete understanding of the field, and this of course is never 
the case. 
tributions toward improved forming devices. 
promising of these seem to embody some sort of hybrid or com- 
bination of the fourdrinier and the cylinder machine. The 
suction breast roll, for example, now used commonly for high- 
speed tissue machines, is essentially a cylinder with a headbox 
mounted over it. It would seem to suffer from one of the 
major faults of the conventional cylinder, in that an essen- 
tially stagnant body of dilute slurry is being “scrubbed’’ by 
the moving wire and wet mat which it is accumulating, and 
the resultant shear forces give rise to a variety of sheet forma- 
tion difficulties. 

The vacuum formers, of which several types have been pro- 
posed, would appear to offer a more promising approach. All 
employ some means for attempting to reduce the excessive dis- 
turbances caused by free-surface flow on the fourdrinier or by 
the scrubbing action in the stagnent cylinder vat. In the 
Stevens former, for example, the dilute incoming furnish 
flows around the cylinder, through a channel of decreasing 
cross section, so that as drainage takes place it should be pos- 
sible to maintain the relative speeds of the cylinder wire and 
the furnish nearly constant. Incidentally, the vacuum form- 
ers offer a case where the concepts of driving force and re- 
sistance which I have discussed can be applied in design 
more rigorously than with the fourdrinier, and this is being 
done. 

Other relatively new developments in paper machine wet 
ends are interesting. The replacement of all of the table 
rolls by suction boxes has been tried on commercial high-speed 
machines. The Inverform process in England employs both 
a bottom and a top wire, with the stock fed into the wedge 
between the two, and drainage both up and down. Multi-ply 
sheets can be formed through the use of several top wires, and 
speeds in excess of 3000 f.p.m. have been reported. 

While none of us here will see the complete obsolescence of 
fourdrinier, I think that we shall see other types of wet formers 
in widespread and successful operation on many grades of 
paper. At the same time, it should be noted that none of the 
new forming devices so far proposed seems to approach the 
fourdrinier in versatility and in the wide range of conditions 
over which it will operate successfully. The next few decades 
will be interesting ones in the papermaking field. 


Presented at the meeting of the Southeastern Section of TAPPI, held in 
Jacksonville, Fla., Jan, 22-23, 1960. 
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In the last decade, we have witnessed notable con- | 
The most | 


Pacific 


Pacific Section of TAPPI held its third meeting of the 
year in Longview, Wash., Jan. 19, 1960, at the Monticello 
Hotel. This was an engineering meeting and was moderated 
ae Gibson, Chief Design Engineer of the Longview 

ibre Co. 


The program Starting at 2:00 p.m. saw four papers given 
and with extensive discussion periods after each paper. The 
meeting lasted till after 5:00 p.m. The following papers were 
presented: 


_ va See noeting eeenuation No. 3 Paper Machine Rebuild,”’ 
y George Robertson, Simpson Paper Co., E tt, Wash. pi 
43, No. 3: 189A (March, 1960).] x Set diene 

2. ‘Size Press Starch Control,’ by Jack Decker, Col i 
River Paper Mills, Vancouver, Wash. 3 eS lem 

3. “Temperature Controlled Spent Sulfite Liquor Diversion 
System,” by E. A. Woodworth, Crown Tae bey Corp. West 
Linn, Ore. : 

4. “Black-Clawson (Pandia) Continuous Digester Operation 
at Potlatch Forests, Inc., Lewiston, Idaho, Mill,” By Robert 
en and Tom Tudder, Potlatch Forests, Inc., Lewiston, 

aho. 
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Black-Clawson (Pandia) Continuous Digester Operation at Potlatch 
Forests, Inc., Lewiston, Idaho, Mill 


Robert Linkhart and Tom Tudder 


Poriatcu Forests, Inc., entered the pulp and paper in- 
dustry in 1951 at its Lewiston, Idaho, mill to make a quality 
product using wood not being utilized in its sawmills. The 
slabs resulting from the production of lumber made unusually 
good pulp chips containing a high sapwood content with long 
fiber and good strength characteristics. However, as the mill 
developed business in food board requiring quality printing, it 
was found that filler stock was needed to improve the sheet. 
This filler stock is supplied in other areas by hardwood pulp. 
An extensive research project was set up to see how this could 
be accomplished at our Lewiston mill. Included was a study 
of sawdust. It was found that sawdust from the large saws 
with wide kerf, normal to sawmill operation, had good fiber. 
Though many of these fibers were cut, this short fiber stock 
made good filler to blend with the pulp from regular chips. 
When discovered that sawdust tends to pack in a stationary 
digester, another method of cooking was sought. An experi- 
mental Pandia continuous digester was located in the eastern 
United States, and a shipment of mill sawdust was sent to this 
pilot plant operation where trial runs were made. A study of 
these runs showed that sawdust provided a satisfactory filler 
stock when cooked in the Pandia. 

In October, 1953, a Pandia continuous digester was installed 
at Lewiston. This was a small four chamber unit with a sin- 


Ropert Linkuarr and Tom TuppDER, Potlatch Forests, Inc., Lewiston, 
Idaho. 
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gle 15-in. Pandia screw feeder with a maximum production 
rate of 25 tons of pulp per day. 

Because of success of this unit and of plans for a large cylin- 
der-type paperboard machine, a Pandia unit was designed and 
installed in 1955 for semikraft, high yield cook. The produc- 
tion from this unit was to be refined and used for filler stock in 
the inner plys of cylinder board. 

In February, 1957, when the paper machine was changed to 
a fourdrinier, it became necessary to change to a full kraft 
cook producing bleachable grade filler stock to be blended 
before bleaching with regular pulp made from chips. 


DESCRIPTION OF MECHANICAL UNIT 


The Pandia unit consists of two 15-in. pandia screw feeders 
driven by individual 200-hp. a.c. motors through an adjust- 
able speed dynamatic clutch and gear reduction unit, with a 
chain drive to thescrews. Two feedersare used, because orig- 
inally this pandia unit was fed with both chips and sawdust. 
Chips were fed in the no. 1 feeder which goes through all six 
chambers. Sawdust was added in the no. 2 feeder, which goes 
through only five chambers. Presently sawdust is used in 
both screw feeders. Speed of the screw feeders ranged be- 
tween 20 and 60 r.p.m., depending upon the amount of filler 
pulp needed for the grades of paperboard being run on the 
machines. 

Hot black liquor is introduced into the bottom of the hop- 
pers above the screw feeders where it is used as a lubricating 
medium. These screws are manufactured of 316 stainless 
steel for maximum service life. When worn beyond toler- 
ance, the screws are removed, overlaid, and reground in our 
machine shop. Special shop equipment has been developed 
by the company maintenance department for rebuilding and 
machining the feeder screws to very close tolerances. 

The sawdust passes from the screw feeders through a re- 
stricted section where a plug is formed to keep the steam pres- 
sure of the unit from blowing back through the screw feeder. 
Beyond the plug section is the chemical inlet chamber, which 
is a large T where steam and liquors are induced into the saw- 
dust, and these drop to the first digester screw. The blow 
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back valve, a large air operated piston with a plate to fit the 
plug section opening, is also located in the chemical inlet 
chamber. This valve is used on startup to build a plug in the 
chamber and in case of trouble on the screw feeders, to keep 
the steam from blowing back. 

In the original installation the blow back valve was acti- 
vated by a pressure drop in the chambers. This would close 
the valve when the pressure dropped, but the pressure would 
not drop until a blow back had already started. The elec- 
trical and instrument departments of the mill devised the 
present system which uses the amperage of the screw feeder 
drive motor to activate the blow valve. When the amperage 
on the motor drops below a preset point, the blow back valve 
will automatically close. 

There are six 42-in. diam. by 40 ft. long screw conveyor di- 
gester tubes located directly below the screw feeders. These 
are driven by individual 7.5-hp. a.c. motors through an adjust- 
able speed dynamatic clutch and gear reduction unit with a 
chain drive to the screw. The chamber screws are run at de- 
creasing speeds from top to bottom to give maximum cooking 
time. We have found it very important to run the two top 
screws fast enough so that there is no buildup of sawdust in the 
chemical inlet chamber to cause a plugging of the screw feeder. 
Cooking time is determined by the speed of the screws, and 
can be calculated in minutes by dividing 180 by the average 
screw speed. For example, if the average screw speed is 5.0 
r.p.m. then 180/5 = 36 min. The speed varies from 4.8 
r.p.m. to more than6r.p.m. Average time from introduction 
into the feeder through cooking process and ejection into the 
blow tank is 42 min. 

The impeller discharger is not run when the Pandia is using 
only sawdust since it has been found the sawdust pulp will 
pass through with the impeller down, thereby saving some 
power and eliminating another moving shaft under steam and 
liquor pressure—which is always a packing problem. 

The standard orifice valve on the impeller discharge has 
been removed and a 6-in. air-operated Fabri-V-port metering 
valve has been installed. This valve is controlled from the 
operator’s panel board and permits the operator to open the 
valve and allow any tramp metal or other foreign objects to 
be blown through. Prior to installation of this valve, we ex- 
perienced considerable plugging of the discharger. 


ACTUAL OPERATION OF THE DIGESTER 


Sawdust from the sawmill is conveyed to two large steel 
storage silos by belts. Sawdust from two of our other saw- 
mills is transported by truck and rail car and also stored in the 
silos. Fines from the chip screens and shavings from the saw- 
mill planer are added to the sawdust to make maximum use of 
all the available wood fiber in producing high quality, easy 
bleaching pulp. 

From the silos, the sawdust is blown about 400 ft. to steel 
hoppers over the screw feeders. Bin level indicators are 
interlocked with the blowers and turntable at the silo to au- 
tomatically stop the supply of sawdust when the hoppers are 
full and to start again when the sawdust level goes down. 
By controlling the feed at the silos, the blowers seldom stop 
when the Pandia is operating. 

We are presently using sawdust in both screw feeders, but 
satisfactory results have been obtained by using sawdust in 
one feeder and chips in the other. 


MAINTENANCE AND DOWNTIME EXPERIENCE 


One of the major maintenance problems we have overcome 
is that on the screw feeder. We use 316 stainless steel 
screws which when worn are overlaid on a welding positioner 
and reground to original dimensions. At one time the screws 
had to be changed every 2 to 3 months, but the present two 
screws have been in service for more than a year and are still 
in good condition. We attribute this extended life to the 316 
overlay method of building up the screws, which gives a 
harder outer surface than the parent metal. 
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Packing the chambers and blow back valves has been a 
problem because of the steam pressure and liquor. We have 
had successful usage alternating rings of Johns-Manville C 
2009, a teflon base packing, and 457-1513, a black liquor 
packing. 

Our sawmill does not run on Sunday, and thus by Monday 
morning our sawdust storage silos are usually low, therefore 
the Pandia is shut down for scheduled maintenance work. 
At this time all chambers are inspected and repacked or pack- 
ing is added as needed. The operator does his own packing 
adjustments and is required to make a complete inspection at 
least twice a shift. At the same time, the blow line is in- 
spected, sections replaced as necessary, and all electrical equip- 
ment and instruments are checked out and adjusted. We 


have found that this 3- to 4-hr. shutdown once a week saves us | 


from a forced shutdown due to packing blowing out, or other 
mechanical problems. 


RESULTS OBTAINED 


In an effort to improve the operation of this unit, an ex- | 
tensive study has been made of the pulp quality obtained. | 
Precision instruments installed show that pressure is uniform | 
throughout the unit, and temperatures are not as high as | 
would be expected at the pressure at which the unit is nor- | 


mally operated. This was believed to be due to the false 


pressure developed by not relieving the noncondensable gases. | 


An effort was made to bleed off these gases, but this was found 
impractical. Gases do not separate in this type unit as in a 
stationary digester where steam is fed from the bottom instead 
of from the top. 

In the Pandia noncondensable gases appear to be con- 
sistently mixed with steam and are relieved through the dis- 
charger. 


Since steam is added at the feed inlets and at the | 


second chamber, the temperature of the stock seems to de- | 


crease after leaving the second chamber. 
be because of the heat loss of the chambers, even though in- 


sulated, and probably more so to an increase in the non- | 


This is believed to | 


condensable gas concentration as the stock moves through the | 


unit to the discharger. 
130 p.s.i.g. pressure are 345°F. in the second chamber, de- 
creasing to 330°F. in the bottom (sixth) chamber. The 
temperature average is close to the 340°F. obtained in sta- 
tionary digesters. 

In other types of continuous cooking units, the temperature 
of the stock is reduced by the addition of black liquor or by 
dropping the pressure in stages. Both processes were tried, 
but no benefit was detected. A back pressure was found in 
the 6-in. blow line which is nearly 100 ft. long. Temperatures 
taken beyond the V-port discharge valve in the blow line 
range from 275° to 295°F. depending on rate of operation and 
discharge. As noted above, the temperature ahead of the 
valve in the sixth chamber is 10°F. lower than in a stationary 
digester. 


It was found that desuperheating the steam just prior to 
entry in the digester gave a slight improvement to quality and 
prevented charring of the wood as it entered the digester. 


Experience has shown that sawdust can be cooked to a 
permanganate number two to three points higher than chips, 
and still bleach properly after blending. This permits a 
higher strength and uses less white liquor. The white liquor 
to wood ratio for sawdust is about the same as that for chips 
in the stationary digesters, even though the cooking time is 
considerably shorter in the continuous digester. When cook- 
ing both chips and sawdust in the continuous digester, the 
liquor requirement was 30 to 40% higher. 


From a study of our sawdust cooking we believe there is 
only a slight loss in strength by cooking in this continuous 
digester unit. This is based on comparison with cooks made 
in the laboratory experimental stationary digester. This 
loss could be accounted for by the shorter cooking time in the 
continuous digester. A greater loss was found when cooking 


Vol. 43, No. 4 April 1960 Tappi 


Typical temperatures obtained with | 


» chips in the continuous digester compared to cooking them in 

the mill stationary digesters. This and the higher amount of 
active liquor required resulted in a study of cooking all saw- 
dust, instead of chips and sawdust as originally designed. 
This appears to be the best way to utilize the Pandia con- 
tinuous digester. Considerable work has been done with 
rotary valve feeders, on which we are still planning some ad- 
ditional work. The main problem has been in getting proper 
feeding, which consists mainly of getting the pockets to fill 
and discharge properly. 


CONTINUOUS DIGESTER COOKING SUMMARY 


Originally, the digester was operated with only the amount 
of white liquor required for obtaining the desired perman- 
ganate number. Our experience shows that if too much 
liquid is used in relation to the wood, there is a tendency to 
wash sawdust past the chamber screws, permitting shives in 
the stock. If insufficient liquid is used, the mixture ap- 
parently becomes mealy and causes increased loading of the 
conveyors. Although we cannot see in the unit, it is our be- 
lief that the best consistency is one which makes the‘wood and 
liquor mushy so that it is easily conveyed yet is not wet enough 
to permit the liquor to separate or flow from the wood. To 
obtain this condition we have added a black liquor feed which 
is controlled by experience with the chamber amperage load- 
ing. 

It is our understanding that The Black-Clawson Corp. has 
since recognized this same problem and has provided for the 
adding of an excess of liquid at the entry point. Under the 
first chamber there is a screen grid built in through which ex- 
cess liquor may be drained out of the stock and dropped to a 
tank for recirculating. The white liquor is added on the basis 
of requirements for cooking, and sufficient liquor is recir- 
culated to maintain stock wet enough to have some drainage 
in the first chamber. 

Of the many advantages to continuous cooking we listed 
the following. 


1. Uniform rate of steam consumption. 

2. Uniform rate of discharge, instead of surging as is done 
in blowing stationary digesters. 

3. Less labor required for operating. 

4. More uniform cooking. 


The main disadvantages have been the additional mechani- 
cal equipment and mechanical problems. 

The Pandia and related washing system was installed in the 
new paper mill building away from the pulp mill since it was 
originally intended to be used only for that machine. It was 
designed to be operated by two people, one on the Pandia and 
one on the press washing system. Through proper usage and 
location of instruments, knowledge gained by operating ex- 
perience, and the mechanical improvements made, the two 
jobs have been combined and there is now only one man per 
shift operating both the Pandia and the brown stock washing 
system. 

Considerable work has been done at the Lewiston mill to 
improve the Pandia continuous digester operation. It is felt 
that with continuing efforts of equipment builders and work 
done in mills, continuous type cooking will eventually replace 
stationary type digesters. Several new mills have recently 
started production with continuous type digesters only. 


Presented at the meeting of the Pacific Section of TAPPI, held in Longview, 
Wash., Jan. 19, 1960. 


A Temperature Controlled Spent Sulfite Liquor Diversion System 
E. A. Woodworth 


Untess carefully controlled, industrial and municipal 
waste materials may exhaust the oxygen content of receiving 
waters into which they are discharged. This hazard is 
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greatest during summer months when low water levels, high 
water temperature, and increased bacterial growth further 
reduce the oxygen supply. Since the spent sulfite liquor con- 
tributes approximately 70 to 90% of the B.O.D. demand 
from the West Linn mill of Crown Zellerbach, it is the logical 
waste material to divert from the Willamette River. By this 
diversion, at the right time, the greatest effect can be at- 
tained. 

In the ponding of spent sulfite liquor it is imperative, be- 
cause of available storage capacity, that the spent liquor 
pumped to the storage lagoon contain the maximum possible 
pounds of B.O.D. per gallon pumped. 

It would be possible to attain this control with timers if we 
could be assured that the blowpits would be empty at the time 
of each digester blow. But this cannot be, because it is nec- 
essary at times to use the individual digester blowpits as addi- 
tional storage. Originally the spent sulfite liquor diversion 
system consisted of remotely operated three-way valves, 
which were manually operated by blowpit personnel. These 
three-way valves were set to drain for a specified period of 
time the spent sulfite liquor to storage tanks, then pumped to 
the storage lagoon. 

Another method was to vary the drainage time in order to 
maintain a specified flow to the lagoon, usually with a set rate 
in gallons per minute for each month. 

Neither method, it was found, would give the desired re- 
sults for the following reasons: (1) varying blowpit inven- 
tory; (2) high lagooning rate, or gallons pumped per pound 
B.O.D. lagooned; and (3) varying river flow and dissolved 
oxygen content. 

In making a proper approach to the above problems, it was 
thought necessary to make changes to the system so that the 
system would be relatively unaffected by the above mentioned 
conditions. Before installing a new diversion control system 
it was necessary to find out what happens to the pounds 
B.O.D. per gallon and the per cent solids of the spent sulfite 
liquor as it drains from the blowpits at varying blowpit in- 
ventories. ‘These tests were taken by the West Linn labora- 
tory and it was found that even for varying blowpit invento- 
ries there was a definite relationship between the temperature 
of the spent sulphite liquor, per cent solids, and pounds B.O.D. 
per gallon. Therefore a system could be installed that would 
be relatively unaffected by: (1) varying blowpit inventory ; 
(2) high lagooning rate, or gallons pumped per pound B.O.D. 
lagooned; (8) varying river flow or dissolved oxygen con- 
tent. 

A diversion system utilizing the temperature of the spent 
sulfite liquor as it drains from the blowpits was installed in 
1958. In this system all but the third variable, namely, the 
varying river flow and dissolved oxygen content would be con- 
trolled automatically. The varying river flow and dissolved 
oxygen content, which is the reason for the whole system, is 
compensated for in the changing of the temperature at which 
the spent sulfite liquor is diverted to the storage lagoon. The 
most important consideration is given to the dissolved oxygen 
content of the river water. The river conditions previously 
mentioned are the determining factors in the per cent B.O.D. 
reduction required. 

The temperature controlled diversion system, as will be 
later described, makes it possible to predict and attain the 
desired per cent B.O.D. reduction. From the over-all system 
operation, we are primarily concerned with: (1) per cent 
B.O.D. reduction and (2) gallons pumped per pound B.O.D. 
lagooned (Fig. 1). 

The Tel-O-Set temperature transmitters measure and 
transmit the temperature of the spent sulfite liquor as it 
drains from the individual digester blowpits to the control 
panel which is located in the sulfite screen room. Each 3-15 
signal (denoting temperature) is connected to its individual 
diverting relay and to a temperature recorder. 

The diverting relays (Honeywell RO48B) control the posi- 
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Fig. 1. System diagram 

tion of the hydraulically operated three-way valves through 
DeZurik air-hydraulic pilots. The diverting relays are a pneu- 
matic relay which has the ability to compare two pneumatic 
signals and to divert or transmit either the higher or lower sig- 
nals. In this application the diverting relay is used to control 
an “on-off” air signal to the air-hydraulic pilots. Pressure 
gages are mounted at connection no. 3 on the diverting relays 
to indicate control position. 

The diverting relays are connected as follows: 


Connection 
no. 
1 3-15 signal from temperature transmitter. 
2 Filter air supply (15). 
3 Control air to air-hydraulic pilot. 
4 Exhaust. 
5 3-15 signal from set point manual station. 


The temperature set point is a pneumatic manual station, 
calibrated from 50 to 250°F. over a span of 3 to 15 p.s.i. 
The 8 to 15 p.s.i. signal from this manual station is connected 
to port 5 of the diverting relays and determines the tempera- 
ture at which the spent sulfite liquor is diverted to the storage 
tanks and then pumped to the storage lagoon. This tempera- 
ture is determined by the per cent B.O.D. reduction desired. 

The DeZurik air-hydraulic pilot valves control the position 
ofeach of the five blowpit drain valves upon an air signal from 


Fig. 2. 
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their respective diverting relays. A zero p.s.i. air signal sets 


the three-way valves to drain to the sewer and a 15 signal sets | 


the three-way valves to drain to the spent sulfite liquor stor- 
age tanks. 


The temperature of the spent sulfite liquor leaving the blow- | 
pits is recorded on two recorders and are used in checking | 


system operation. 

The level of the storage tanks is recorded and controlled, 
and along with recording and totalizing of the spent sulfite 
liquor flow to the storage lagoon provide the additional rec- 
ords needed for system evaluation. The level control of the 
storage tanks makes it possible to study blowpit drainage 
rates at various blowpit inventories. 

In Fig. 2 are shown charts of the temperature recordings of 
the spent sulfite liquor as it drains from the blowpits. These 
charts are comparable with charts throughout the period of 
spent sulfite liquor diversion for 1959. The charts shown illus- 
trate the effect of blowpit inventory upon the drainage rate of 
spent sulphite liquor from the blowpits. Inspection of these 
charts show the following wide differences. 


Blowpit Mazimum —Drainage time, min.—~ 
Date inventory temp., °F. 110°F. 160°F. 
July 27 High hefali 197 120 
Sept. 30 Low-Med. 189 86 69 
Difference +18 —111 —5l1 


The charts shown in Fig. 2 confirm the data taken by the 
West Linn laboratory and also emphasize one of the variables 
encountered and overcome by the temperature controlled 
spent sulfite liquor diversion system. From the wide vari- 
ance in drainage times, for varying blowpit inventories, it can 
be seen that a system based upon a set drainage time would 
not achieve the desired results. The only limitation in this 
respect for the temperature controlled diversion system is at 
set points of above 175°F. The temperature recording charts 
have proved a valuable tool in checking system operation. 
The use of these charts have indicated plugged drains or 
pumps, which because of the daily check of all these charts, 
necessary repairs were made without undue loss to the sys- 
tem’s efficiency. 

Figure 3 shows a graph developed from the West Linn’s ex- 
perience for the period June 20 to Oct. 31, 1959. The curve 
as presented will be used as a guide for following years opera- 
tion. The curve is shown as an average maximum per cent 
reduction guide not taking into account blowpit inventor ef- 
fects upon system operation at high set point temperatures. 

A major factor to be considered is the gallons pumped per 
pound B.O.D. lagooned. This is extremely important in 
consideration of the capacity limit of our storage lagoon. Ex- 
perience shows that if the per cent reduction goes up the gal- 
lons pumped per pound B.O.D. also goes up. The advantage 
of the temperature controlled system is evidenced here in the 
fact that we are able to predict and attain the desired per cent 


200 
180 
160 
Ww 
° 
SS 
= 140 
Ss 
Qa 
wR 
uy 
YW 
120 
100 
20 30 40 50 60 70 80 90 100 
REDUCTION, % 
Fig. 3. B.O.D. reduction per cent vs. temperature 


Vol. 43, No. 4 April 1960 Tappi 


' reduction at the lowest possible gallons pumped per pound 


B.0.D. lagooned. 


RESULTS 


At the start of spent sulfite liquor lagooning in 1952, the 
original system operated at a lagooning rate of about 8.0 gal. 
pumped per lb. B.O.D. lagooned. In 1958, the first year of 
operation of the temperature controlled diversion system, we 
operated at a lagooning rate of 5.67 gal. pumped per lb. 
B.0.D. lagooned. Prior to the 1959 lagooning season, new 
T-316 stainless steel three-way valves were installed in the 
blowpit drains. The 1959 lagooning rate which dropped to 
4.65 gal. pumped per lb. B.O.D. lagooned (a decrease of 22% 
under the 1958 experience) justified the new three-way valve 
installation. This increase in system efficiency is surprising, 
but points out that any system is only as good as the ef- 
ficiency product of all components. 

Comparing results obtained in 1959 versus 1952 on a per 
cent reduction basis, we find in 1952 a reduction in the 
B.O.D. demand from spent sulfite liquor of 83%, and in 1959, 
66.7%. It would appear from these figures that the tempera- 
ture controlled spent sulfite liquor diversion system was not 
doing a good job, but this is not true. The facts are that in 
1952 it took 8.0 gal. pumped per Ib. B.O.D. lagooned and in 
1959 it took only 4.65 gal. pumped per lb. B.O.D. The 1959 
per cent reduction would have been much higher, but in the 
month of October river flows and oxygen content were such 
that we operated at a low per cent reduction. Consequently, 
high temperature diversion set point and low gallons pumped 
per pound B.O.D. lagooned. Using the 83% reduction figure 
and curves developed from our 1959 operation, it would be 
possible to do this and yet attain a lagooning rate of 4.95 gal. 
pumped per Ib. B.O.D. lagooned. This projected lagooning 
rate is 60% less than in 1952, a significant difference. This 
projected lagooning rate is assumed at a constant set point of 
130°F., but this is not possible since at times we are required 
reduce the B.O.D. load more than the 83% reduction. 

In 1959 the lowest diversion temperature used was 105°F. 
at which set point we were able to attain an average per cent 
reduction of 93.2% with a lagooning rate of 5.5 gal. pumped 
per lb. B.O.D. lagooned. The temperature controlled spent 
sulfite liquor operated as expected and the over-all system ef- 
ficiency was good. The only limiting factor being high blow- 
pit inventories at high diversion temperatures. The present 
system was proved very versatile and affords us the exacting 
control of spent sulfite liquor B.O.D. diversion as required by 
river conditions. 


Presented at the meeting of the Pacific Section of TAPPI, held in Longview, 
Wash., Jan. 19, 1960. 
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14th ENGINEERING CONFERENCE 


Systems Engineering and Operations Research 


Process Understanding Required for 
Systems Engineering 
JOEL O. HOUGEN 


Some of the principal factors which must be resolved 
before systems engineering concepts can be reduced to 
practice are discussed using examples taken from experi- 
ences in the chemical industry. The importance of ex- 
perimenta] work and methods of collecting and inter- 
preting data is stressed, and illustrated with actual case 
studies. 


IN recent years a vast body of knowledge has accumu- 
lated pertaining to systems engineering in areas outside the 
chemical industry. Currently, however, the chemical in- 
dustry is being stirred to action so that similar information is 
beginning to be generated in this area of activity and a sort of 
technical renaissance seems to be in the making. 

A growing number of chemical engineers are becoming con- 
vineed that profitable results can be obtained through the 
application of the principles of systems engineering and a few 
companies have seen fit to organize groups of men, similarly 
inclined, for a systematic attack on problems amenable to 
solution by these newer techniques. 

In order to clearly state the objectives of this paper, it is 
first necessary to define systems engineering. It shall be 
implied that it is the use of all such properties of physical sys- 
tems and associated mathematical and experimental tech- 
niques and tools needed to produce a processing entity or plant 
with predictable steady state and dynamic behavior. Thus 
those areas included in the statistical realm or in operations 
research are excluded from our discussion, nor are digital con- 
trol techniques included although such work often fits into a 
systems engineering organization. It is intended herein to 
confine our attention to those facets of technology and theory 
with which an enginee: must be fully conversant before suc- 
cessful systems engineering, as above defined, can be accom- 
plished effectively. 

The problems generally encountered by chemical engi- 
neers may be characterized almost always as difficult and of 
these it is usually the most difficult which are presented to the 
systems engineer. Processing problems have this character 
because of the multiplicity of phenomena which are usually 
involved and the uncertain nature of most of these phe- 
nomena. Thus mixing, in vessels or conduits, which is present 
in sO many processes is inherently a subtle combination of 
mechanisms with end results highly dependent on geometric 
configuration. The same may be said of heat transfer and 
chemical reaction. Yet problems in which these are in- 
volved are the daily diet of chemical engineers in the process 
industries. 

Before attempting to achieve an understanding of processes, 
it is necessary that the prospective systems engineer under- 
stand fundamental concepts. But this is not enough. He 
must also be equipped with a substantial knowledge of experi- 
mental techniques and methods of interpreting data. The 
acquisition of the necessary background presents a serious 
problem to the practicing engineer. 


Joel O. Houaen, Monsanto Chemical Co., St. Louis, Mo. 
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Any company wishing to organize work in this area with) 
engineers inexperienced in such work would find it profitable » 
to embark first on a serious education and training program. . 
Part-time effort is sure to be rather ineffectual and ultimately } 
excessively time consuming and expensive. An educational | 
program used by Monsanto Chemical Co., which has been | 
very successful in imparting the requisite knowledge, has been 
described in the literature (1) and will serve as an example of a | 
determined effort to create a group of qualified engineers. 

The fundamental training which seems most useful should | 
include the following material: 

1. Mathematics, including differential equations, complex | 

variable and boundary value problems. 

2. Servo theory and transient analysis. 

3. Computer application, both analog and digital. 
4. Refresher courses in chemical processing principles, 

thermodynamics, kinetics, and fluid mechanics. | 


5. Training in experimental methods, data reduction, and 


analysis and practice in problem formulation. 
A minimum of a year and one half, full time, should be 


allowed for the average graduate chemical engineer to acquire 
the proper understanding of these basic tools. 


How are these tools applied in gaining an understanding of | 


processes? 
Reduction to practice seems to proceed somewhat as 


follows: First, there is an effort to develop a theory describing | 
the physical situation; second, comes a period devoted to 
Then, in the light of the | 
theory, data are interpreted and correlated. At this stage, if 
all has gone well, it is desirable to generalize the conclusions in _ 


experimentation or data collection. 


order to extend or extrapolate the correlations and thus ex- 
pand their usefulness. 

Frequently steps one and two occur simultaneously; at 
other times step two occurs before a satisfactory theory is 
developed. As a matter of fact, adequate theory may never 
be forthcoming so that one may be required to rely solely on 
observed data. Interpretation and generalization then be- 
come uncertain and limited. Additional information may, in 
any case, also be required in order to improve or verify the 
generalizations. 

I believe what most of you would like to know is how one 
acquires an understanding of process dynamics sufficient to 
use the information in an intelligent and useful way. First, 
let me say that I know of no case where a plant, or even one 
portion of a plant, has yet been designed using a substantial 
amount of dynamic information. We have not yet acquired 
enough of such data. But I have no doubt that the years 
ahead will see a rapid increase in the demand for such informa- 
tion and a very determined use thereof, and of course most of 
the really significant work is proprietary in nature and is never 
published. 


DATA COLLECTION, INTERPRETATION, AND 
APPLICATION 


To illustrate the several facets of data collection, interpre- 
tation, and application, let us construct a problem. Suppose 
we wish to continuously blend a solute-containing solution 
with a diluent solvent in order to get a homogeneous solution 
of a given concentration at a substantially constant rate. 
Furthermore, suppose we wish to consider the use of a sec- 
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tion of straight conduit with a circular cross section for this 
blending operation. 

Immediately we need to know the response of this mixing 
system to changes in concentration and flow rate. Procedures 
in a well-ordered attack on this problem might be as indicated 
previously. 


Develop the Mathematical Model 


A comprehensive model accounting for molecular diffusion 
and axial mixing is given as: 


=foc ,1aC , vc] _ ac _, wae 
ze Spats. (dp ox = rane on @) 


It may be reasoned, however, that it would be impractical to 
consider radial gradients in concentration in pipes or tubes. 
Moreover, if turbulence exists, as would be desirable, mo- 
lecular diffusion D is negligible compared with eddy diffusion. 
Accordingly, as a proposed model, we arrive at the form: 


oc] —oC , uo 
D Ee Ss iF saci : (2) 


Where D is an effective or apparent diffusion coefficient. 
This latter form may be derived by extending Fick’s law for 
molecular diffusion by allowing for the axial motion of the 
fluid stream and permitting D to include molecular and eddy 
diffusion. 

The solution to this partial differential equation depends on 
boundary conditions and these, in turn, depend on experi- 
mental conditions. It is thus necessary to choose those which 
are both convenient experimentally and theoretically. 


Design Experimental Procedures 


Some kind of tracer technique is suggested to follow the 
mixing or dispersion phenomenon in a tube. Furthermore, 
in order to conserve solute as well as to keep system changes 
to a minimum, a pulse type of testing procedure appears at- 
tractive. In this method, a rather sudden change in solute 
composition of the stream is made and changes in concentra- 
tion caused thereby measured at various positions along 
the tube, downstream of the disturbance. 

If the disturbance is considered to be an impulse (a pulse of 
infinite strength and zero width), the solution at any position 
and time is given as: 

(x — ut)? 


4Di (3) 


il 
C(a, t) = 2/aDI e 
This form of response being experimentally verified DpyG. lL. 
Taylor (2). 

Since impulse forcing may be difficult to effect in this case, 
the more general solution with an arbitrary pulselike function 
of time F(t) as the input is desired. 

The following conditions are realizable: 


C(a, 0) = 0 

C(~, t) = 0 
and 

C(0, t) = F(t). 


The solution in terms of the operator s becomes: 


ux (1 — 4Ds 
O(a,s) = f(s)e oe ( vi Vite ) (4) 

Where f(s) is the Laplace transform of the input time 
function, F(t). 

Now suppose we form the ratio of the above solution corre- 
sponding to two positions along the tubes, each relative to the 
same input and then let s= jw. It will be noted that f(s), 
being common to both equations, will disappear and we are left 
with an expression in terms of frequency which will be termed 
the theoretical performance function(PF) : 
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This latter frequency function can be written in an equivalent 
amplitude and argument form: 


[DAR lencoret. (jv) = Nene fs {1 - (GA) Yo «| (6) 


[DRA ]ineoret. (fw) = (222 — 1) 555 \1 ee peyity ua 


yu? 
where a = u tan} ae 
2 Ue 


Disturbance Co 


d ————eE 


Senser 


K/Gy\« 


Kee HK 


Valve Controller Feedback 
Elements 


Fig. 2. Block diagram representation of process and con- 
trol elements 


And thus we have expressions in familiar “frequency response” 
form. From these relations, equivalent dynamic amplitude 
ratios (DAR), and dynamic response angles (DRA) can be 
computed for various combinations of the system dimen- 
sions, (2 — %), flow condition, u, and parameter, D. 


Verify Theory Through Analysis of Data 


It merely remains to collect experimental data and reduce 
it to frequency response form in order to compare results with 
theory. In this case, however, we may not have an indepen- 
dent evaluation of the effective diffusion coefficient, D, so the 
object may be to determine this by comparing theory and 
experiment hoping to find consistent values of D. 

To effect this, the results of pulse testing are processed to 
give the ratio of Fourier transformations from which a corre- 
sponding dynamic amplitude ratio and dynamic response 
angle are computed. Thus the performance function com- 
puted from pulse testing is: 


é —Iwtf(t)out(x)At 


—-— oo 


[BE econ (jw) = fo] A 
£ e7¥f(t)in(2yadt 


= [DAR expt. (jw), [DRA]expu. (Gv) (8) 


Computation procedures are outlined by Draper, McKay, 
and Lees (3) and numerous applications have been de- 
scribed (4-7). A high-speed digital computer is mandatory 
for reducing the data. 
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Generalize the Results 


Having examined data for a wide range of system variables, 
it will be assumed that a more or less generalized correlation 
between D and, say, Reynolds number can be found, thus 
placing us in a position to predict variations in concentration 
in response to changes in the influent stream in mixing 
tubes of various sizes. At this point it may be said we have 
an adequate understanding of the process in question, for we 
can, with confidence, predict the transient change in average 
composition at any distance along a mixing tube which occurs 
in response to an arbitrary change in composition of the in- 
fluent stream. 


Application—Design of Control System 


The next logical development in the application of the sys- 
tems engineering approach is to design the requisite control 
system. Some of the problems encountered and areas where 
understanding is needed will be pointed out. 

A simple, single-loop control system which might prove 
satisfactory is illustrated in Fig. 1. This arrangement is 
typical of those using feed forward compensation if varia- 
tions in Cys, are to be handled. 

However, if C,.:, is held constant and disturbances are to be 
controlled, feedback compensation is involved. A more con- 
ventional diagram using literal symbols is shown in Fig. 2. 
A performance function of interest in this case becomes 


LL are [ KG, 

d ae Gee, G KGIK.G KG, 
This relates the changes in outlet concentration, C,, to the 
disturbance, d. The diagram indicates that the response of 
the process to a disturbance is added to that due to the correc- 
tive action, the sum being measured by the sensing device. 
Because of the negative feedback arrangement, the sum is 
actually a difference, the corrective action tending to nullify 
changes generated by the disturbance. 

Thus assuming a constant control point with disturbances 
as the input, we are led to the conclusion that in order to sup- 
press the effects of the disturbances, the denominator of the 
performance function, C,(jw)/d, should be very large over a 
reasonable frequency range. 

On the other hand if we treat the disturbances as constant 
and consider the responses to changes in control point, Cie 
we find that 


(9) 


Cee EO KG OG. KG: 
OR 1 = KGB GK pGyK Gs H 


In this case we wish to have this ratio remain substantially 
equal to unity over an acceptable frequency range. 

The problem is to choose components represented by K.G., 
K,G,, K.G,, H such that the magnitude of changes in C, are 
held within bounds at all times and that, following a disturb- 
ance, or change in control point, the controlled concentration 
returns to an acceptable steady value as quickly as possible. 

The criteria suggested by both performance functions must 
be satisfied, within limits, by making reasonable compromises. 

The difficulties involved in achieving this may be rather 
formidable. One difficulty arises because of the likely non- 
linear behavior of the control valve represented by the symbol 
K,G,. Whereas the frequency dependent part, G, might be 
approximated by a linear form such as 


1 
(s? + 2gwns + wy?) 


(10) 


the K, factor generally depends on the pressure drop available 
at the valve. Valves are characterized by their flow-lift re- 
lations at given constant pressure drops. Unfortunately, as 
flow increases, the available pressure drop for the valve de- 
creases both because of increased friction losses in lines and 
apparatus and a diminution in supply pressure be it from 
pump or main. 
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The situation can be illustrated in Fig. 3. 

In the last diagram the points correspond to the flows ob- 
tainable at given pressure drops for the particular system. 
The line through these points gives the flow-lift characteristics 
of a specific valve in a specific installation. The relation is 
not necesarily linear, the sensitivity Ky being the slope at the 
point in question. 

To remove nonlinearities arising from variations in K ze 
compensation could be introduced by using a nonlinear valve 
positioner (which in the block diagram might be included in 
K.) or by proper selection of H, the feedback component. 

Another source of difficulty lies in the sensing element repre- 
sented by K,G.. If composition is measured by potentio- 
metric or optical methods, a nonlinear relation between con- 
centration and signal exists. This means that the sensitivity 
of the sensing element, K,, varies with concentration. This 
relationship must be known and, if required, compensated 
by an added component such as that shown by H. 

Finally there is the problem of selecting the control com- 
ponents and adjustments so the desirable closed-loop re- 
sponse is obtained. If the system has been linearized, the 
procedure of determining what is required follows along rather 
conventional lines, graphical techniques frequently being the 
most satisfying. Difficulties arise in finding components 
which will perform in the desired manner, In addition, the 
adjustments of the controller must be correlated with the 
parameters of the mathematical model or graphical represen- 
tation of it. 
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A complication arises when significant delay times exist any 


' place in the system such as in pneumatic transmission lines, 


motor valves, or the process itself. 

All these realities of life must be understood and appreciated 
before system design can be completed in a quantitative man- 
ner. Having done so, one is assured of a processing system 
properly scaled up and an associated control system capable of 
maintaining its performance within prescribed tolerances. 

As is obvious, a large amount of both experimental and 
theoretical work is required in order to gain the necessary 
understanding. 
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Computer Control in the Pulp and Paper 
Industry 


T. M. STOUT 


The digital control computer is a new tool which may 
prove useful in the pulp and paper industry as a supple- 
ment to conventional instrumentation. Capable of deal- 
ing rapidly and consistently with complex relationships, 
the computer finds application to processes meeting 
several obvious technical and economic criteria. These re- 
quirements include frequent disturbances, conflicting ob- 
jectives, numerous interrelated variables, and a potential 
for dollar gains which can justify the investment in new 
equipment. A computer can be used in several ways: as 
a data processing device which receives signals from proc- 
ess instruments and presents computed values for use 
by an operator, as a sequence controller which obtains 
most of its data from an operator and then exercises 
direct control over the process, or as a full-fledged con- 
troller which notes process conditions and takes action 
without operator intervention. Diagrams are included to 
show how a computer is integrated with process instru- 
ments and how its various functions are programmed. 
Design of a computer control system is a difficult task 
which requires identifying process boundaries, stating 
process objectives in economic terms, developing control 
relationships, investigating instrumentation problems, 
and working out procedures for normal and special operat- 
ing conditions. Developing control relationships is the 
hardest part of the job. The equations needed by the 
computer can be derived from past operating data, from 
theoretical considerations, or—preferably—from a com- 
bination of data with theory. These steps have been car- 
ried out successfully in other industries. With recent ad- 
vances in the technology of pulp and paper, it seems proba- 
ble that the problems can be solved in this industry as 
well. 


Pappr manufacturers do not need to be reminded of the 
long history of their industry, the continuing evolution of 


T. M. Srovt, the Thompson-Ramo- Wooldridge Products Co., Beverly Hills, 
Calif. ; 
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process equipment and control techniques, or the growing pres- 
sures for new and better products, for more efficient use of 
raw materials and recovery of wastes, and for general reduc- 
tions in operating costs. Nor should a neophyte presume to 
offer any ready-made solutions to these pressing problems. 
However, it may not be out of place to discuss a new control 
device—the digital control computer—which has found appli- 
cations in other industries and which might prove helpful in 
connection with the problems facing the pulp and paper in- 
dustry. 

Computers for business and engineering use are now com- 
monplace, and their capabilities are widely appreciated. 
The use of smaller, specially designed, general purpose com- 
puters for process control is relatively new. In systems now 
being planned and installed, these computers receive data 
from process instruments, perform calculations to determine 
the best operating conditions, and transmit the results as set 
points to conventional controllers. A natural step in the 
evolution of process instrumentation, the control computer 
offers the hope of further improvement in plant operation. 

This paper attempts to enhance the understanding of com- 
puter control systems by explaining their operation, listing 
typical cost figures and discussing the justification for such 
expenditures, enumerating the steps to be carried out in 
system design, and suggesting some applications in pulp and 
paper manufacture. 


COMPUTER CONTROL SYSTEMS 


Computers can assist in process control in a number of ways 
but not all of the applications can be called “eomputer control 
systems.’’ Shown schematically in Fig. 1-4, the possible ap- 
proaches range from periodic off-line calculations to con- 
tinuous closed-loop control. 

An off-line application of a computer is shown in Fig. 1. 
Here information from process sensing devices is collected by 
an operator and supplied to the computer through digital 
input devices (such as punch card or tape readers). The 
computer results are presented to the operator by a type- 
writer (or equivalent means) for his use in adjusting control 
devices in the process. This approac his suitable where 
process relationships are relatively complex but process con- 
ditions need only infrequent adjustment. 
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Fig. 1. Computer used for off-line control calculations 
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Fig. 2. Computer used as sequence controller 


oo wna aa a a = = i ee 


Use of a computer as a sequence controller is illustrated in 
Fig. 2. In this application, the computer receives its in- 
formation from an operator who observes raw material 
characteristics, product specifications, and the condition of 
process equipment and wishes to set process conditions ac- 
cordingly. This approach might be used in computer control 
of batch digesters, where the computer might be substituted 
for the present cam-actuated controllers. Means would be 
provided by which the wood species and degree of cooking de- 
sired could be communicated to the computer. With this 
information, the computer could refer to its memory for the 
proper weights of chips, black and white liquor, and it could 
transmit signals to control charging of the digesters. It could 
also select a time-temperature-pressure program and control 
the steam flow and relief valves. This approach requires a 
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Fig. 3. Computer used as data logger and 
operating guide calculator 
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minimum number of process measurements, but it does not 
fully utilize the capabilities of the computer. 

A computer used as a data logger and operating guide 
calculator is shown in Fig. 3. Process sensing devices are 
connected, through converters which change the original | 
signals into a form acceptable to the computer, directly to the | 
computer in this system. The computer outputs are raw | 
process data or functions of the original readings, such as 
yields or efficiencies, which may help the operator to adjust 
the process to a better set of conditions. This approach is 
useful when process relationships are being established but 
contains many of the deficiencies of conventional control 
schemes. 

A closed-loop computer control system is shown in Fig. 4. | 
In a system of this kind, the computer reads process instru- | 
ments, calculates the best operating conditions, and resets the | 
process controllers automatically. In normal operation, the | 
operator receives data on performance of the process-com- 
puter system via a typewriter or special signaling devices and | 
can modify system operation by inserting new constants or 
complete programs via a tape reader, switches, or other input 
devices. In emergencies, the operator can assume control, 
running the process in the same way as before installation of 
the computer. 


OPERATION OF COMPUTER CONTROL SYSTEMS 


Computer control systems may employ analog or digital 
computers and may operate in either of two general modes. 
In one type.of system, the computer is programmed to carry 
out experiments on the process: one of the variables is 
changed slightly; after a suitable delay, the result is noted : 
and further changes are made in a direction which has a 
favorable effect on process performance. Where many 
variables are involved, a sequence of changes is made, ob- 
serving and recording the results of the change in each variable 
so that favorable changes can be made on the next cycle. In 
another type of system, the computer is provided with equa- 
tions representing the process and, in effect, conducts experi- 
ments on a mathematical model of the process. The search 
procedure used with a mathematical model to locate the best 
operating conditions is quite similar to that employed in ex- 
perimenting on the process itself, but it can be completed 
more quickly since the normal process time lags are not en- 
countered. Another difference is found in the fact that com- 
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Fig. 4. Computer used for closed-loop control 
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Fig. 5. Optimization in two variables with constraints 


binations of process variables which would violate constraints 
can be examined by the computer, as suggested in Fig. 5, in 
the course of its control calculations. These combinations 
are never imposed on the process and hence cause no diffi- 
culties. 

A computer system employing a mathematical model could 
be used to control operation of batch digesters in either of two 
ways. In the simpler of the two schemes, the computer would 
be expected to develop the cooking cycle from a set of basic 
equations. These relationships, developed from past oper- 
ating data, might express such properties as yield, strength, 
and bleachability as functions of wood species, liquor ratio, 
chemical-to-wood ratio, temperatures and pressures at various 
points in the cooking cycle, and the controllable parameters of 
the cooking cycle. In effect, the “‘best’’ cycle for each charge 
would be interpolated from equations summarizing practices 
which have proved successful in the past. Unlike the cam- 
actuated controllers, a computer used in this manner would 
provide an unlimited variety of cooking cycles, each tailored 
to an individual digester charge. 

In a more sophisticated approach, the computer would be 
provided with information on the progress of the reaction(s) 
periodically during the cooking cycle. By means of some ap- 
proximate kinetic equations, containing rate constants which 
are modified to fit the observed history of the cook, the com- 
puter would determine the future program of pressure or 
temperature variation needed to reach the desired pulp char- 
acteristics in minimum time or at minimum cost. It might 
also control addition of liquor during the cooking cycle. The 
recessary observations and calculations would be repeated at, 
say, five-minute intervals. The last approach has been suc- 
cessfully applied in a laboratory-scale research program (1). 
Eckman, Lefkowitz, and their associates at Case Institute 
developed the measurement and computation techniques 
needed for contro] of a batch hydrogenation process. By 
varying the reaction pressure, in accordance with the general 
scheme described above, the time required to reach a desired 
product composition was reduced from 208 to 160 min. 

Control systems employing digital computers usually 
combine the functions of optimization, logging, and sequence 
control. The various functions are executed in turn under 
the direction of a program of the kind sketched in Fig. 6. 
In effect, the computer continually traverses the outside loop, 
watching a clock and comparing the actual time with the 
scheduled time for the performance of each function. When 
the time comes, the computer leaves the main loop, performs 
the appropriate calculations, resets the time at which the 
particular function should be repeated, and returns to the 
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Fig. 6. Diagram of a control computer program 


main loop. The control functions generally require more 
time than the other functions and can be carried out in parts 
to allow frequent scanning for hazardous conditions. At 
intervals, the computer can prepare hourly or daily logs, 
check its own performance, or carry out special instructions. 
Among the special instructions can be included calibration of 
instruments and start-up or shutdown of process equipment. 
These sequencing operations can be programmed if computer 
capacity is available and if necessary measuring and control 
points are provided. 

Computer control systems of the kind shown in Fig. 4 are 
valuable when process changes occur so frequently and the 
adjustments and decisions to be made depend on such com- 
plex relationships that a human operator cannot respond cor- 
rectly in the time available. Random disturbances are in- 
evitable: raw material characteristics, chemical compositions, 
equipment. efficiencies, ambient conditions, and product 
specifications change from time to time. In processes of any 
complexity, numerous technical relationships—usually under- 
stood only in part—and conflicting objectives make it difficult 
or impossible for any operator to achieve continuously the 
kind of performance he might be able to realize occasionally. 
A technical basis can be found for using a control computer in 
such cases, but it is also essential that dollar benefits be avail- 
able which will justify the proposed installation. 


ECONOMIC JUSTIFICATION 
The cost of a computer control system might be as follows: 
Computere ie te s fh 004i oe eee nae $100,000 


Input-ouput equipment.........-..0- sess ees 40,000 
New Instrumenteectseacci cnn certs oea wer araren 40 ,000 
Process modifications. .....-.-.-++++-+++-++-:-: 50,000 
Pineineering gov ns ache eae 50,000 

Total $280 , 000 


The actual cost depends on the number of computer inputs 
and outputs, the number of new instruments required, and the 
amount of process modification necessary to make effective 
use of the computer. Despite uncertainties in individual 
items, the estimate of total costs is representative of several 
actual systems. Its size suggests that careful thought will be 
given to the advisability of proceeding with an installation of a 
computer control system. 

As with any process improvement, the justification for in- 
stalling a computer control system is found in better opera- 
tion, measured in turn by increased production, higher yields, 
better control of product quality, or reduced raw material and 
utility costs. In order to see where the necessary earnings 
can be found, estimated costs for a kraft pulp and paper mill 
can be examined. Fora mill producing 100,000 tons of paper 
per year, the variable costs would be approximately as shown 
in the following table. 

A 1% reduction in all of these items, brought about by im- 
proved control techniques, would save 48,000 dollars per 
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year. A 3% reduction would save 144,000 dollars per year, 


enough to recover the estimated investment of 280,000 dollars 
in 2 years. 

Of course, the expected earnings of a computer control sys- 
tem cannot be estimated without a detailed investigation. 
The figures presented above are meant to suggest only that 
fairly modest reductions in fiber losses, pulping and bleach- 
ing chemical consumption, additive requirements, fuel and 
steam usage could be sufficient to justify a computer control 
system. 


SYSTEM ENGINEERING 


Planning a computer control system involves several main 
steps: (1) fixing process boundaries; (2) specifying process 
objectives; (3) developing relationships which describe 
process behavior; (4) stating constraints on process operations; 
(5) devising an optimization procedure; (6) solving instru- 
ment problems; and (7) evaluating the proposed system. 
Each of these steps involves a number of substeps which de- 
serve separate discussion. 


Fixing Process Boundaries 


The initial limits for a system design may coincide with the 
geographical boundaries of the process, but they may later be 
narrowed to specific parts of the process or expanded to ad- 
jacent processes. In a paper mill, the whole mill should be 
studied initially, and both technical and economic factors 
should be considered. In this manner, a number of serious 
mistakes will be avoided. The control computer will not aim 
for increased production from one part of the mill if down- 
stream processing units cannot handle the additional material. 
The objective will not be lower costs in one stage of the process 
if disproportionately greater costs would then be incurred in 
subsequent stages. Nor will greater mill output be adopted as 
the goal if the market cannot absorb more product. 

While the mill must be viewed as a whole in establishing ob- 
jectives for computer control of any of its parts, the control 
problems in the various sections of a mill can often be treated 
separately. This possibility arises in part from the wide- 
spread use of storage tanks and bins between the important 
processing units. Although longer-term averages of product 
quantity and quality are coordinated, independent control 
systems are employed successfully. Where technical and 
economic considerations dictate some coupling of the various 
process steps under direction of a single control computer, the 
computer can still be regarded as having sections of its pro- 
gram devoted to individual units. 

The necessity for a careful consideration of process bound- 
aries can be seen from a look at the problems encountered in 
control of a pulping operation. Looking at the digesters 
without regard for the rest of the mill, it might appear de- 
sirable to increase pulp output, possibly by reducing the time 
of the cooking cycle. In practice, however, a significant in- 
crease might or might not be attainable. Any appreciable 
increase in digester output would place a heavier load on the 
recovery system. Depending on its capacity, the recovery 
system might or might not be able to handle the extra load. 
The choice of operating conditions is therefore a compromise 
between income and expense, high production rates ulti- 
mately being balanced against greater chemical losses. These 
factors have been studied by C. W. Carroll (2). 


Specifying Process Objectives 


Processes are designed and operated to produce a profit. 
Although governed by economic considerations, control ob- 
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jectives for a given process can usually be expressed in more 
direct ways: a specific or maximum rate must be realized; 
product quality specifications must be met; waste of fuel, 
water, and materials must be minimized; and conditions 
leading to equipment breakdowns, lost production, and un- 
expected maintenance costs must be avoided. 

Process objectives are frequently numerous and contra- 
dictory. For example, some of the considerations governing 
operation of the digesting-washing-recovery system are as 
follows: 


1. The chip-to-liquor ratio, chemical concentration, and other 
conditions in the digesters should provide as low a lignin content 
in the pulp as possible consistent with good cellulose yields; 

2. The ratio of black liquor recycled directly to the digesters 
to that processed through the recovery system should give the 
proper chemical concentration in the digesters; 

3. Increased water rates to the washers and causticizing stages 
provide cleaner pulp, greater liquor recovery, and better caus- 
ticizing but add to the energy requirements for evaporation and 
to the direct water cost; f 

4. Evaporation should be carried far enough so that the liquor 
burns readily but not so far that it is difficult to handle; 

5. Steam production should be adequate to meet the needs 
of the digesters and other mill requirements; 

6. Chemical losses are a potential cause of air and/or stream 
pollution as well as a direct expense. 


Profit, defined as the difference between product value and 
operating costs (including raw material and utilities), can be 
used as a single, all-encompassing objective for a computer 
control system with product specifications, equipment ca- 
pacities, and safety requirements regarded as constraints de- 
fining the permissible region of operation. In order to write a 
suitable profit function, the system engineer needs some data 
on material values and operating costs. It is particularly im- 
portant that he have realistic information on those costs 
which vary with the way the process is operated. Fixed costs 
such as administrative charges’ overhead, taxes, insurance, and 
advertising expense charged to the process generally will not 
concern him if they are truly independent of operating con- 
ditions. 


Developing Relationships 


An important and difficult aspect of any system design is 
the development of relationships between the process vari- 
ables. These relationships can represent steady-state or 
dynamic behavior but must be adequate for prediction of 
process performance as the independent, controllable vari- 
ables are changed. These relationships can be theoretical or 
empirical, but they are best developed by a combination of 
theory and operating data. Theory indicates what variables 
are involved and the form of the functional relationships, 
while operating data permit evaluation of parameters which 
are not easily fixed by theory. Such parameters can be up- 
dated from process measurements by the control computer 
after it is placed in operation. 

Processes for the manufacture of pulp and paper present 
some formidable problems in this area. Knowledge of the 
fundamental chemistry of batch digester operation is growing 
but may still be inadequate; a wealth of empirical data is 
available, however, which might serve as a starting point for 
design of a computer controlsystem. The kraft pulping proc- 
ess has been studied by Carroll from a point of view similar 
to that of the computer control system designer (2). Con- 
tinuous digesters, now becoming more important, are perhaps 
more easily instrumented and studied (3, 4), and they may be 
a better candidate for computer control than the older batch 
digester. 

Work on the effects of paper machine variables by Taylor 
(5), Burkhard and Wrist (6), Ingmanson (7, 8), and others has 
done much to put recognized interrelationships on a quanti- 
tative basis. As a result, the paper machine may be the 
logical place to introduce computer control into the pulp and 
paper industry. 
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Stating Constraints 


As mentioned above, the values of the process variables are 
affected by product quality specifications, equipment ca- 
pacities, raw material availability, safety requirements, and 
other considerations. Optimization of process operation 
must be accomplished within these restrictions or constraints, 
typically stated as upper or lower limits on process variables 
or functions of these variables. Some of these limits are 
relatively arbitrary and can be written without any difficulty, 
but others may require considerable effort. 


Devising an Optimization Procedure 


The word “optimum” means the best that can be done at 
any given time with the tools available. Optimum process 
operation is realized by using that combination of variables 
which maximizes the profit rate and satisfies the constraints 
discussed above. Development of an optimizing procedure 
leads the system designer to use of such mathematical tools as 
ordinary calculus, gradient methods, linear programming, 
calculus of variations, and dynamic programming. . 


Solving Instrument Problems 


In devising an optimization procedure, the system designer 
determines which variables are measured and which are con- 
trolled. If he has not already done so, the designer must as- 
certain that variables essential to the control scheme can be 
measured. Where suitable instruments are not available, 
alternate means of obtaining the required data must be con- 
sidered. 

Many of the measurements needed in paper mill applica- 
tions—flow, level, temperature, pressure, speed, and pH—are 
routine. Other measurements—consistency, basis weight, 
thickness, and moisture content—have not reached such a 
high state of perfection. The difficulty with some of the 
instruments for these variables may be a lack of linearity or a 
tendency to respond to several variables other than the one 
desired. Consistency measurements are a good illustration. 
Devices measuring apparent viscosity give a signal which is a 
high nonlinear function of consistency and also a function of 
stock temperature, pH, and fiber characteristics. It appears 
that a number of instruments might be used in combination 
with a computer which could, as one of its jobs, correct for 
the undesired effects to obtain an accurate measure of consist- 
ency. 


Evaluating the Proposed System 


If the system design has been carried far enough, a good es- 
timate of expected benefits and costs can be made. Benefits 
can be estimated by using the mathematical model of the proc- 
ess to calculate the profit which would have been realized in 
some period of past operation if the computer control system 
had been operating. The accuracy of the model can be 
checked by calculating the expected profit for the nonoptimum 
conditions actually used in the same period; this figure should 
agree reasonably well with the profit figured directly from 
measured raw material and product rates, product quality, 
utility usage, etc. The difference in profit with and without 
the computer is as good an estimate of benefits as can be 
made. 

System costs can be figured fairly accurately by adding the 
costs of the various system components. Payout time, return 
on investment, or other measures of project attractiveness can 
then be derived for management consideration. 


CONCLUSIONS 


While widespread application of digital computers for con- 
trol of industrial processes has been predicted by many 
people, installations will not be made merely to be fashion- 
able. It is expected that technical and economic justification 
will be demanded, with the control computer required to meet 
the same standards as any other kind of new equipment. 
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Technical justification for the use of a control computer is 
found in its ability to deal quickly, accurately, and uniformly 
with events causing or necessitating a change in process con- 
ditions. This capability permits a departure from the present 
concept of control, summarized very concisely by A. B. Green. 
Discussing the question of whether color or alum should be 
added first in coloring paper stock, he wrote (9). 


“.., the practical way of running a mill is to have a fixed rule, 
one that is nearest right on the average, and one that will not 
involve a lot of men in the complexities of chemistry.” 


With a computer to handle ‘the complexities of chemistry,” 
compromises of current control practices become unnecessary. 
Instead of simplified. rules, charts, and nomographs now sup- 
plied to process operators, the computer will use relationships 
whose complexity is limited by the ingenuity of the system 
designers. Instead of following fixed patterns or trying to 
hold constant conditions that are “nearest right on the 
average,” the computer will vary its actions to take advantage 
of changes in feed characteristics, equipment efficiencies, and 
ambient conditions. 

Granting the possibility of better yields, improved quality, 
or reduced operating costs, economic justification depends to a 
large extent on the size of the process. The cost of a computer 
control system is relatively independent of the throughput of 
the plant to which it is connected: the same variables must be 
measured and controlled, and the same calculations per- 
formed, for large or small plants. Because of a continuous 
evolution in control procedures, further improvements are 
not likely to be spectacular—3 to 5% increases in production 
rate, for example, have been estimated in a number of studies. 
For these reasons, the best candidates for computer control 
are the largest processes. 

Nobody should expect that introduction of a computer will 
bring process operation to a hitherto unattainable state of 
perfection. Measuring and control devices associated with 
the computer are not perfect, and the mathematical relation- 
ships employed can only reflect current knowledge of the proc- 
ess. Difficulties of instrumentation and mathematical re- 
lationships have been met in other industries by cooperative 
studies carried out by representatives of the computer user 
and the manufacturer. As would be expected, the first group 
supplies an intimate knowledge of the particular process under 
consideration, as well as a general background in the tech- 
nology of the industry, while the second group furnishes spe- 
cialized abilities in planning and installing computer control 
systems. Because of recent advances in the art and science of 
making pulp and paper, the two groups may now find it possi- 
ble to solve the problems which are encountered in design and 
evaluation of computer control systems. 
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Analog Simulation of a Complex Level 
Control System 


K. I. MUMME and L. W. ZABEL 


The headbox system of a book paper machine could not be 
operated automatically without either sustained oscilla- 
tion or overshoot sufficient to cause stock to overflow onto 
the floor from the Bird screen tubs. The entire system, 
containing interacting tanks, a nonlinear valve, and non- 
linear weirs was simulatedon an analog computer. The 
results of the simulation showed that the control diffi- 
culties could not be overcome by any combination of con- 
tro] settings avaiJable on the process. They did show that 
the system could be controlled satisfactorily by either: 
(1) Use of ‘“‘Batch reset”’ action, or (2) changing the meas- 
urement point within the system. Cuves show that these 
solutions are practical. The solution obtained from the 
simulation was tried on the process, and the paper ma- 
chine headbox system performed almost exactly as pre- 


dicted. 


Anatysis of control systems in the continuous process 
industries has historically been troublesome for several 
reasons. One of the principal difficulties, in the case of an 
existing system, is the fact that experimental analysis is 
often very expensive in terms of lost machine production. 
Such an analysis was often a trial-and-error type procedure 
with the resulting inability to predict the results with confi- 
dence. This led to considerable resistance and lack of 
confidence on the part of the process operators, a situation 
which was unfortunate but undoubtedly justified. 

Classical frequency response analysis methods give ex- 
tremely accurate results when applied to linear control 
systems. Unfortunately, linearity is a characteristic often 
lacking in actual systems. Although frequency response is 
often useful under linear approximations, extremely non- 
linear systems prohibit such approximations and therefore 
limit the usefulness of the frequency response approach. 
The system to be studied here was extremely nonlinear. 

Analog simulation does not have the theoretical linearity 
limitations. The computer does, however, have other 
limitations: (1) the accuracy of the simulation depends upon 
the accuracy of the mathematical model of the system; (2) 
the accuracy depends upon the precision of the computer 
components; and (3) the present simulation required some ap- 
proximations due to the lack of certain nonlinear computer 
equipment. The latter limitation is not a theoretical one, but 
applied to the particular equipment used in the present 
simulation. 


K. I. Mumné#, Physicist, and L. W. Zane, Chief, Instrumentation Labora- 
tory, Kimberly- Clark Corp., Neenah, Wis. 
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An analog simulation is based on the fact that a dynami 


system can be described by a set of differential equations. 


This set of equations holds for any dynamic system behaving, 


Therefore, the system may 
Each system is an 


as described by the equations. 
be mechanical, hydraulic, electronic, etc. 
analog of the other. 

The analog computer, operating on the electronic system 


described by the differential equations, provides a method of| 
solution and description of the dynamics of, in the present; 
physical components, is shown in Fig. 5. Further general | 
discussion of analog computer techniques can be found in thet 


case, the mechanical-pneumatic control system. A diagram 
of the analog computer layout, showing the various simulated 


literature (1, 2). 


The process to be considered in this paper is the wet-end | 


stock supply system of a paper machine. 


The system, , 


shown in Fig. 1, extends from the discharge of the fan pump to } 


the discharge of the pressurized headbox. 


The fact that} 


stock in the Bird screens would overflow onto the floor at} 
every grade or speed change on the paper machine was the » 


basic operating problem. 


For economic reasons “trial-and-error” 


analysis was : 


impractical and because of the obvious nonlinearities caused | 


by weirs, frequency response methods could not be used. 


Therefore, simulation appeared to be the only pracheg 


analysis technique. 

Circular weirs are located in the discharge ends of both Bird | 
screentubs. There isa rectangular weir between the collector | 
and the headbox feed trough. The collector, feed trough, | 


and screen tubs are open topped, while the headbox and | 


selectifier are held under pressure. The control valve, 
operated by a proportional plus reset controller, is an 8-in. 


The point of measurement was, orginally, the headbox stock | 
level. 


optimum controller settings where optimum operation is | 


defined as the condition where the screen tub level settles to 
the operating point as rapidly as possible without overflowing. 
AN APPROXIMATION FOR THE CIRCULAR WEIR 


The flow through a rectangular weir is given by the well- 
known Francis formula (3): 


= 3.33 (L — 0.2H) H*/: cu. ft. per sec. 


where 
F = flow in cu. ft. per sec. 
L_ = length of crest in ft. 
H = head in ft. 
3.33 = 0.415 (+/29) 
g = 32 ft. per sec. per sec. 


Figure 2 indicates that the open area of the weir between the 
weir level and the overflow point can be approximated quite 
well by a trapezoid. From the geometry: 


wae Vis 
SCREEN TUB rhe y, 
OVERFLOW POINT |“ 7 
Y; “ 
WATER LEVEL i 
SET POINT \\ 7 :s 
= 2s 
WEIR HEIGHT” Yi 7 
Fig. 2. Cross section of the circular weir 
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] 


plug valve operating about one-quarter open at the set point. 


The object of the simulation was, then, to determine the | 


| 


ih = 
H 
where 
Ww = minimum width of crest in ft. 
= maximum height in ft. 
w, = Maximum width in ft. 
= height at time ¢ 
Aw = uw; — width at time t 


W, — Ue att. 


Assume that 0.2 H < ZL. Actually, in this case Lmax. = 
29in.andH = 7.5m. Lin, = 25 in., so 0.2 H is at least a 
factor of 10 less than L. 

Substituting this value of L in the flow equation: 


F = 3.33 [obs — FP wr| 


Figure 3 is a plot of this equation showing F as a function of 
h. This function is approximated by the straight line shown 
on Fig. 3. The approximation is good except near the 
origin. The straight line approximation permits use of 
simple feedback on integrator 2, Fig. 5. 

The gain and time constant for this integrator can be 
calculated: 


Input — output = accumulation (cu. ft per sec.) 


e; — a(h — b) = A dh/dt 


where 
e; = input rate in cu. ft. per sec. 
a = slope of Fig. 3 
b = h intercept of Fig. 3 
h = height above weir 
A = area of screen tub 


Separating the variables: 


dh at 
@—aih—b) 40 


and integrate to get 


1/ain (ah — ¢ — ab) = — tC 


at 
T =0,h = 0s80C = In(e; + ab) 


Combining and eliminating the logarithm: 
ex + ab — ah _ e-atl4o 
C5 + ab 


as losses, = tt= @ 


e; + ab 
ty 

a 
‘The time constant is seen to be 40/a which in the present case 
1s: 


T = 40/a = sec. 


A plot of height above the weir versus time appears in Fig. 4. 
Notice that this is also nearly straight between the weir crest 
and the overflow point. This plot assumes, of course, constant 
and maximum flow into the screen tubs, which is the open 
loop case. An open loop control system contains no feed- 
back signal to the control element. Therefore, in the open 
loop case the control element action is not a direct function 
of the error signal. 

Only one Bird screen is simulated directly. However, the 
screens, tubs and weirs are identical so the output of amplifier 
2 was doubled to simulate the flow from two screens. 

Since the circular weir controls only the flow out of the 
screen tub, the simulation of the tub cannot consider the weir 
alone. In fact, the simulation must allow for the physical 
fact that the tubs fill for several seconds before the water 
level reaches the crest of the weir. Amplifier 1 was used as a 
switch to perform the above task. A voltage of sign opposite 
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Fig. 3. Flow versus height above circular weir crest 


that of the flow signal was put onamplifier land had magnitude 
equivalent to the height of the weir crest. When the out- 
put of amplifier 3 reached this bias point, the relay “flopped” 
and amplifier 2 began to operate. Amplifier 2 represented 
the action of the screen when flow over the weir was not zero. 

Accumulation in amplifier 3 follows a simple ramp de- 
termined by the input flow, which is maximum, and the tub 
volume since there is no ouptut from the tub until amplifier 2 
starts to integrate. Once the relay “flops,” the action of 
amplifier 3 is of nointerest. This simulation is allowable since 
flow across the weir never stops once it has begun in the 
physical system. The problem is overshoot; there is no 
undershoot below the weir crest. 


THE RECTANGULAR WEIR 


The Francis formula for a rectangular weir again was used. 
Again, it was assumed that 0.2 H < L, so the operating 
formula becomes: 


F = 3.33 Lh*/2 cu. ft. per sec. 


Amplifiers 5, 6, 7, and 9 simulate the collector with amplifiers 
7 and 9 generating the h/2 factor. This weir also has no 
flow until the tank fills to the weir crest level. The bias 
voltage is applied through potentiometer 6A into amplifier 6. 
The diode limit at 0 volts prevents negative output when the 
output of amplifier 5 is less than the bias voltage. 

The bias level was set by considering the time required to 
fill the collector to the crest level with full flow input. 

The selectifier, which also flows into the collector, is a 
simple pressurized tank. The filling of this tank, therefore, 
follows an electronic RC type curve where the time constant 
is determined by flow and tank volume. 
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Fig. 4. Stock level above weir crest versus time 


THE HEADBOX SYSTEM SIMULATION 


From the collector, the stock flows into another open tank 
called the headbox feed trough. The trough is directly 
connected to the pressurized headbox, with no weir or other 
restriction between the two units. Therefore, the trough and 
headbox act as interacting capacities and require special 
handling in the simulation. 

The time constants were calculated in the usual manner. 
Although there are amplifier techniques for handling inter- 
acting capacities, the simplest method appeared to be the 
use of ordinary RC circuits. The R:C; network simulates 
the trough and the R,C, network is the headbox. Rs; was 
chosen to give essentially zero voltage at the input of amplifier 
8, representing the headbox discharge. 

The feedback resistor, potentiometer 8B, is for gain control. 
This value was set to give a voltage out of amplifier 8 equal and 
opposite to the set point voltage when the outputs of amplifiers 
2 and 4 were at the “set-point” values. This automatically 
accounted for the constants in the flow equation for the 
rectangular weir. 


THE PNEUMATIC CONTROL COMPONENTS 


The bias voltage on amplifier 19, provided by potenti- 
ometer 9A, is a value equivalent to the desired operating, or 
“set” point. The output of 19 is the error signal which is 
fed into amplifier 10. The gain of this amplifier is 100 times 
the reciprocal of the proportional band. Amplifier 12 is an 
integrator providing reset action and amplifier 13 provides 
rate or derivative action. The derivative action has been 
limited to a gain of 10 since this is the gain limit of most 
pneumatic derivative controllers. The 0.01-mfd. capacitor 
was used to reduce random noise. A pneumatic valve with 
no positioner operates as an RC component. Therefore, 
amplifier 15 is an integrator with a feedback resistance fixed 
to provide the proper time constant. This constant was 
calculated using the measured full stroke time as 99% of the 
full period. This amplifier simulates the valve motor only. 
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The valve body, or equivalent flow requires special con- 
sideration. 

The valve in the system is an 8-in. plug valve with a 
square root flow characteristic. The flow versus per cent 
travel curve at the physical operating pressure was found 
in the literature (4). A diode function generator was 
used to generate a function giving the proper square root 
output curve as a function of a linear input curve. This, of 
course, simulated the flow as a function of valve motor pres- 
sure, 1.e., stem position. 

To complete the loop, the valve flow output voltage was fed 
into the screen tub as the controlled variable of the system. 

At one point in the investigation an initial condition 
voltage was applied to the reset amplifier. This simulated a 
commercially available unit designed to prevent the reset 
unit from applying full output pressure when a process 
shutdown creates an error signal. This full pressure output 
action is commonly referred to as “reset windup.” Trials 
were run both with and without the ‘“antiwindup” feature. 
This mode of control will be referred to in this paper as 
“batch reset’’ action. 


VOLTAGE SCALING 


Voltage scaling of the system was extremely important. 
Two scaling bases were used: (1) a scale equivalent to the 3 
to 15 p.s.i. pneumatic signal, and (2) a scale equivalent to the 
various liquid heads. 

The pneumatic signal was scaled to give 2 v. per p.s.i. 
operating from 0 to 24 v. Thus, the simulated air signal was 
effectively operating between 0 and 12 p.s.i. instead of 3 
to 15 p.s.i. However, the important thing, the span, is the 
same in each case. Diode limiters have been put on the 
amplifiers simulating reset, derivative, and the valve motor. 
These limiters prevent the output from exceeding the physical 
limit of 12 p.s.i. (24 volts) and also the lower limit of 0 p.s.i. 
(0 volts), since a pneumatic controller cannot change signal 
polarity. Pneumatic signal scaling begins at the input of 
amplifier 19 and continues to the input of amplifiers 2 and 17. 

Level, flow, or head scaling (they are all related to each 
other) was based on a value of 100 v. equivalent to the screen 
tub overflow point. On this basis the circular weir crest 
level was set at 66v. Therectangular weir level was set on a 
time fill basis at an input of 100 — 66 = 34v. Trough and 
headbox voltages were not scaled, as they were set by time 
requirements. 

The translations between the scaling systems were accom- 
plished in two ways: The change from the p.s.i. standard to 
the flow standard was made by making the integration rates of 
amplifiers 3 and 2 follow the physical fill rates with an input 
of 24 v. (full flow from the full open valve). The change 
from the flow standard to the p.s.i. standard was made by 
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Fig. 5. Computer circuit diagram 
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Fig. 6. Response using headbox level measurement and 
normal control modes 


setting the set point (potentiometer 9A) in terms of p.s.1. 
and then setting the gain of amplifier 8 to give zero error 
signal out of amplifier 19 at a screen level of 77 v. Seventy- 
seven volts is the value equivalent to the proper operating 
level in the screen tub. 

The entire problem was scaled in terms of real time since no 
portion of the process or its control system was too fast or too 
slow for good computer accuracy. 


DATA AND DISCUSSION OF DATA 


Data were taken under many combinations of proportional 
band, reset rate, and derivative rate. A fourth mode was 
also used in place of the standard reset action. This mode 
was designed to prevent reset “windup” by holding the 
operating pressure when the process shutsdown. Most of the 
various combinations were tried for each of the measurement 
points. Because of the large number of curves taken, only 
the representative or characteristic curves are presented 
here. 

Curves obtained during measurement at the headbox are 
shown in Fig. 6. These curves were obtained with combina- 
tions of the normal control modes: proportional band, reset, 
and derivative. 

Curve A was obtained with 20% proportional control only. 
The oscillation, though slightly damped, makes this un- 
acceptable. Wider bands reduced oscillation but increased 
the control offset to an intolerable level. Narrower bands 
increased oscillation. Therefore, proportional control only 
could not be used at the headbox measuring point. 

Curve B, Fig. 6, was obtained using 10% proportional 
band and 10 sec. reset time. Reset has increased the over- 
shoot and done little to stop oscillation. All wider propor- 
tional band settings caused the screen to overflow when reset 
of any value was used. Curve C, Fig. 6, was the result of 
proportional plus derivative plus reset control. The settings 
were 10% proportional band, 10 sec. reset, and 10 sec. deriva- 
tive. The large overshoot due to reset again appears, as 
does the oscillation, but the mean value of the oscillating 
function drops off toward the set point. This general pattern 
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Fig. 7. Response using headbox level measurement and 
“batch reset’”’ control 


occurred at all combinations of settings of the three control 
modes. 

Curve D, Fig. 6, uses 50% proportional band plus 20 sec. 
derivative with no reset. The derivative apparently causes 
the oscillation, and the wide proportional band permits the 
large offset. Further trials showed that at narrow bands, 
the derivative always caused oscillation and at wide bands the 
offset again exceeded the allowable limits. Curve E, Fig. 6, 
is typical of the curves that do not oscillate, but the screen 
tub level has run over; again, an unacceptable situation. 

The curves of Fig. 7 were obtained with measurement at the 
headbox but with a “batch reset” unit on the controller. 
The “batch reset”? unit was set at the equivalent of 6.5 
p.s.i. which was the reset value under steady-state conditions. 
Curve A shows that settings of 20% proportional band and 100 
sec. reset gave excellent performance. Curve B used settings 
of 20% and 50 sec., and shows system instability. Curve C 
used 10% proportional band, 100 sec. reset, and 10 sec. 
derivative. Control again bacame very poor. It is seen 
that there is a combination of settings which will give good 
control at the headbox measurement point, but the total data 
showed the region of useful settings to be very narrow. 
Therefore, a better solution was desired. 


Measurement at the Collector 


The curves of Fig. 8 were obtained with the measurement 
made at the collector. Curve A shows excellent control with 
little overshoot and rapid damping. The curve was obtained 
with a 10% proportional band and no reset or derivative.- 
This was the best curve obtained for any combination of 
practical control settings. 

Curve B shows a characteristic common to all of the 
curves using reset action at the collector measurement point. 
This characteristic is increased overshoot. This curve was 
obtained with 10% proportional band and 10 sec. reset time 
(standard reset unit). Tests not included here indicated that 
various combinations of proportional band and reset simply 
give greater overshoot or instability. An example is Curve C, 
obtained with 10% proportional band and | sec. reset. It is 
obvious from Curve A that no derivative is required. 


How the Actual Process Reacted 
The actual process did not contain the “batch reset’ 
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Fig. 8. Response using screen level measurement and 
normal control modes 


feature. As expected, control limits of the system could not 
be met with measurement made at the headbox. This fact, 
of course, was the reason for the request for the simulation 
and the simulation result agreed with the process experience. 

As a direct result of the simulation, the process currently 
operates with the measuring element at the collector. The 
control settings in current use are 25% proportional band 
and 18 sec. reset time. These settings give a large “spike,” 
but this is not sufficient to cause the screen tub to overflow. 
The situation is similar to that shown by Curve B, Fig. 8. 

The optimum condition of narrow proportional band and no 
reset has not been tried on the process. The reasons are 
caution and tradition. The operators are very hesitant to 
try to operate with no reset and narrow band since that type of 
operation is not familiar to them in terms of other headbox 
control systems. There is also the cautious tendency to 
“leave well enough alone.” The system is satisfactory as it 
is now operating which makes it hard to convince an operator 
that much could be gained by further optimizing the settings. 
From a practical standpoint, the operators are probably quite 
right in the present case, although this view offers little 
aesthetic satisfaction. 


SUMMARY 


Because of computer equipment limitations certain ap- 
proximations were made in the simulation. In any simula- 
tion project the validity of an approximation is an unknown to 
a greater or lesser degree. In the present case, the approxima- 
tions were proven to be reasonable by the fact that the results 
obtained from the simulation controlled the process in the 
predicted manner when applied to the paper machine itself. 

It was found that there was a small region of acceptable 
control with measurement at the headbox when using a 
“batch reset” control mode. It was also found that much 
better controllability was obtainable by making the measure- 
ment at the collector. Simple, narrow band proportional 
control was found to be optimum, with reset adding overshoot 
and derivative contributing nothing. 

These results would have been unobtainable by any other 
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available method of analysis. Therefore, analog computer 
simulation appears to be a powerful tool in the analysis of 
process control problems in the paper industry. 
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The Application of a Unique Analog 
Computer to Product Distribution 


C. E. MeCARTY and W. C. ELMORE 


The pulp and paper industry, like other modern indus- 
tries, has many economic problems which can be ex- 
pressed as mathematical models consisting primarily of 
linear simultaneous equations. These problems, which 
are fundamentally simple, increase in magnitude and 
complexity as the number of variables and restrictions are 
expanded. Problems frequently occur in practice which 
exceed the capacity of large-scale electronic digital com- 
puters and even problems of moderate size frequently take 
hours of computing time due to the iterative process re- 
quired in their solution. To solve large-scale economic 
problems a special purpose electronic computer, ‘‘AL- 
PAC,” has been developed. AL-PAC solves problems 
uniquely without requiring iteration. A simple illustra- 
tive economic problem is formulated into a mathematical 
model, and this model is used to depict the theory and 
operation of this unique computer. 


THE pulp and paper industry, in common with other 
modern growth industries, has many economic problems that 
can be expressed by mathematical models consisting pri- 
marily of linear simultaneous equations and/or inequations 
(1). Problems of this type are termed “linear programming” 
problems, and from a conceptual point of view, are simple 
in structure but complex in solution when a large number of 
variables and constraints are present. It is not infrequent to 
encounter problems that exceed the capacity of computing 
facilities of a particular company. Many linear program- 
ming problems have been formulated, for practical industrial 
conditions, that exceed the capacity of even the largest com- 
puters. Work, however, is currently under way on algorithms 
that should make it possible to solve extremely large-scale 
problems using digital computers (2). 

Linear programming problems are solved basically by 
two methods: (1) the transportation technique; and (2) 
the simplex technique. 

These, and other related methods for solving linear pro- 
gramming problems require ‘iterative’ procedures (8). 
In the present paper a direct method will be described for 
solving such problems without the use of iterative steps. 
Linear programming can be used for economic problems that 
require optimization when the following conditions are 
satisfied. 

1. The objective to be optimized must be stated in 
mathematical terms (i.e., cost, profit, etc.) and must be a 
linear function of other variables in the problem. 

2. The restrictions which limit the extent of attainment 
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of the objective must be defined as a linear system of equalities 


~ or inequalities. 


As with other pulp and paper companies, the Scott Paper 
Co. is faced with an important economic problem that can 
be formulated mathematically as a linear programming 
problem. Basically the company has 10 major producing 
mills in the United States with more than 60 retail products 
which must serve approximately 140 sales districts. A 
major problem exists in the proper allocation of product 
manufacture to the various mills, together with its distribu- 
tion to the sales districts. To provide a starting point for 
an analysis of the problem, a simplification was first made in 
order to make a hand analysis feasible. Thus 10 producing 
mills and 17 demand centers with 7 major products were 
decided upon as an initial problem. 

A grueling hand solution was performed to determine how 
far the then current distribution of company products was 
from optimum. A comparison of the optimum distribution 
with the actual distribution showed a possible saving of 
approximately 5% in shipping charges alone. In working 
up these results, it became obvious that a computational 
aid would be required for the analysis, if it were to continue 
on a regular basis so as to accommodate changing company 
conditions. 

Since nearly all linear programming problems are solved 
by digital techniques, it appeared logical to investigate the 
application of a large digital computer to the company’s 
problem. This study showed that a modification of the 
problem seemed necessary, for no digital program, at that 
time had been prepared to solve as difficult a “simplex” 
problem as that presented by the company’s problem with 
its many products. To bypass this obstacle, it was decided 
to revise the more general simplex problem into the form of 
a transportation model. This revision lost some of the 
generality of the original problem but soon proved to be 
adequate. 

Because research people were working on the preliminary 
phases of the problem, research effort was applied to discover, 
if possible, a less costly method for solving problems of this 
type. The probing led to the development of an electronic 
analog computer that will solve a problem of the transporta- 
tion type uniquely without iteration. 

To provide intelligent discussion of the computer, a com- 
plete definition of a typical transportation problem is neces- 
sary. Let 7 refer to the supply points and j refer to the desti- 
nation points. Then, 


S; = quantity of product available at the ith supply point 
D; = quantity required at the jth destination : 
t;; = quantity transferred from the ith supply point to the jth 
destination 
ci; = unit cost of this transfer 
= total goods transported . 
C = total transportation cost 


Certain additional facts are known which constitute 
limitations or restraints. For example, the sum of the 
quantities transferred along all of the routes from a given 
supply point must equal all of the quantity available at that 
supply point assuming that all of the goods are transported. 
This can be expressed mathematically as follows: 


S, = 2 ti; (Gael 1) 
d 
Furthermore the total number of goods transported to a 
certain destination” must equal the quantity of goods re- 
quired at that destination point if the need is to be satisfied. 
This can be expressed mathematically as follows: 


Dee Digs GG = ee) 

Finally the total goods transported (7) must be equal to 
the sum of all the goods available at all the supply points 
which must be equal to the sum of all the goods required at 
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all the destination points and which, in turn, must be equal 
to the sum of all the goods transported over all the possible 
transportation paths. This can be expressed mathematically 
as follows: 
f= z Si = =D; = z bij 
a 7 vy 

Each of the above equations must hold true subject to the 
limitation that there is no shipment from destination points 
back to supply points, mathematically that ¢;, 2 0. The 
objective of the problem is to minimize the total cost of 


transfer by selecting certain of the transportation routes, 
i.e., to minimize 


C = 2 Yc; t= minimum) 
a ig, 


It can be proved, in general, that of the m X n quantities 
i;; only m—- n — 1 will be nonzero in a solution that mini- 
mizes C. 

It is possible by a long tedious process of iteration to ob- 
tain this solution but, even with the aid of expensive and 
highly efficient digital computers, it usually requires long 
periods of computer operation to arrive at the desired solu- 
tion when many possible routes, or flow paths exist. 

Figure 1 illustrates diagrammatically a very simple problem 
of the transportation type with three supply points (m = 3) 
two destination points (n = 2), and the six product flow paths 
that might be utilized. Each flow path between a supply 
point and a destination point has a corresponding cost per 
unit of product flow associated with it (i.e., cu, Ca. . .C32) « 
The equations for continuity of product flow and for the 
conditions of supply equal to demand, are: 


Si = ty + he 
So = lo + te 
S3 = ta + te 
Dy = ty bre bx 
Dz = ti + te + tee 


The total cost equation for the problem shown in Fig. 1 is: 
C = en tu + Cie te + Car tr + Con tor + a1 tor + Cae be 


with the objective of the problem to determine the minimum 
value of the total cost (C). 

The general transportation type of linear programming 
problem has now been defined in terms of general mathe- 
matical notation, and illustrated in algebraic form for a 
simple, specific problem. Before discussing the electronic 
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Fig. 2 


computer for solving the transportation problem, let us 
first consider the properties of a hydraulic system with a 
structure similar to Fig. 1, as shown in Fig. 2. The same 
restrictions will be placed on the hydraulic network that are 
placed on the transportation flow diagram. The fluid flows 
F,. . .F;’ are made proportional to the product flows S:. . . 
D2, so that the flows f;; are correspondingly proportional to 
the ¢,,’s. A constant pressure (P;;), developed by a differen- 
tial pump is placed in each path to correspond to the cost 
per unit of product transferred c,;. A simple analysis shows 
that the hydraulic power delivered to the differential pumps 
is proportional to the total cost. 

The following analogies therefore exist between the trans- 
portation network and the hydraulic network, where pro- 
portionality constants have been taken to be unity. 


fis = ti 
Pijs = C6; 
F; = t 
Fes), 


C = Total hydraulic power => fi; Py; = 2 cy; tj = minimum 
4,7 57 


The elements in the network (Fig. 2) are the constant flow 
pumps (Ff; and F,’), the check valves (R), and constant 
differential pressure pumps (P;;). It is obvious that flow 
will be established in the paths with lowest opposing pres- 
sure and therefore that the flow in the system will divide 
among the flow paths in such a way as to require the smallest 
amount of power to sustain the flow. The purpose of the 
check valves in the system is to allow only one direction of 
flow, i.e., from the source of flow to the flow destination. 
A measurement of the flows f;;, therefore, constitute a directly 
obtained solution of the transportation equations. 

The hydraulic analog can be extended to cover situations 
in which supply is less than, or greater than demand. Let 
us consider the case in which supply exceeds demand. This 
means that in the transportation problem the sum of D; 
and Dz, is less than the sum of Si, So, and 83. To solve this 
case, three different methods of approach may be used: 

1. Supply a dummy variable by including an additional 
high cost transportation destination. 

2. Relax restrictions and then reapply as needed. 

3. Insert an element that automatically applies restriction 
when needed. 

The second method will be used for illustrative purposes, 
although both the second and third methods are used in 
practice with the electronic computer “AL-PAQ” (Analog 
Linear Programming Algebraic Computer). 

First relax the supply restrictions Si, Se, and S3. In the 
hydraulic analogy this would represent the removal of the 
flow-restricting devices F,, F:, and F3. Then apply the 
restricting elements only when the actual flow exceeds the 
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limits of S;, Se, and S; are maintained but restricted in mag- 
nitude if required to achieve a balance of supply and de- 
mand at minimum cost. A similar process can be used when 
supply is less than demand. 
Another direct analog of the transportation problem can 
be devised consisting of an electrical network containing the 
elements shown in Fig. 3. The electrical analog, similar to 
the hydraulic analog, has actual current flow analogous to 
product flow. The analog constitutes the basis for the prac- 
tical computer AL-PAC. The network elements of Fig. 3 | 


are: | 


specified limits Fi, 7s, and F3. Thus the analogous | 


a. constant current generators (7, 1%, 13, %:’, and 72’) which | 
force definite currents (711. . .7;2) through the network 

b. diodes (d) which prevent the backward flow of current 

c. constant voltage sources (é1...€2) which aid or oppose | 
current flow 


| 


The direct analogies between Fig. 1 and 3 are: 


1 = S; 
1, = So 
tz = S3 
ty’ = Dy 
ih’ = De 

=C 


The product of cost per unit of flow and number of units 


SUPPLY POIK/TS 


flowing through a flow path corresponds to the product of 
voltage and current (e;; X 7;;). These products represent 
cost and power, respectively. Thus, the analog must mini- 
mize total power to solve the desired problem. 

The direct analogies with general notations are: 


Si = quantity available at the ith supply point 

Dj; = quantity required at the jth destination point 

ti; = quantity transferred from the ith supply point to 
the jth destination point 

ci; = unit cost of transfer 


total cost of transporting all goods from supply 
points to destinations 


where 


C = Ye; t; = minimum 
ayy 

P = Ye; %;; = minimum 
t,7 


The electrical network equations at the various input nodes 
(Ni, Ne, and Ns) and the output nodes (N,’ and N.’) shown 
in Fig. 3 are: 
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The analog linear programming algebraic compu- 


ter, AL-PAC i 


a = a ae tig 

42 = Var +b 29 

43 = 131 + tse 

a’ = ty + ta + 431 

de! = 2 + ter + 432 
These equations follow from Kirchoff’s first law which states 
that in an electrical network the sum of the currents flowing 
to a junction point must equal the sum of the currents leaving 
the point (4). Another basic consideration is the fact 
that the power delivered to a source of e.m.f. by a current 
flowing through it is given by 


Piz = C15 Vj 
The total cost equation for Fig. 3 is therefore identical with 
the power equation, 


P = en in + 12 tie + ex tor + C22 t22 + Oar tn + Cs2 V2 


The fact that P is minimized by the distribution of currents 
in the network follows from a general network theorem for 
the distribution of current in a network which contains 
sources of e.m.f. and resistances (5). In the general case 
the currents so distribute themselves as to minimize the 
quantity 

ia Zz i;? Rij + 2 Zi; Cij 
v7 4,7 


Two special cases of the function F exist, the second of 
which is of primary interest to us. 

1. The first case is one in which the sum of the power due 
to the sources of e.m.f.’s in the paths is negligible or absent 
(because the e;; = 0). 

z 1i;? liven SS 7 z ij Ci; 

u,7 t,] 
In this case: 

[Bt 2) OR Ri; = minimum 
if 
Since the power in each path of the network is the product 
of the current squared and the resistance (or 72), the power 
delivered to the network is 
PI Ps 1,7 lea; 
ii 


which is here equal-to the function F. Hence the internal 
currents in the network so distribute themselves as to mini- 
mize the total power delivered to all the resistances. This 
result is not useful in a transportation computer because it 
minimizes a function containing the squares of the cur- 


rents 1,;. 
2. The second case is one in which the resistance in each 


path is negligible (it is never entirely absent) but e.m.f.’s 
exist such that 
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Chemical Pulping 
Processes 


The high degree of chemical, mechanical and 
physical control over materials and operations 
in the Chemipulp and Chemipulp-KC systems 
results in maximum plant output, high pulp qual- 
ity and low operating costs. 
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A. H. Lundberg Inc., P. O. Box 186, Mercer Island, Wash. 


E ij? Ra << 2 ete oy 
OP) 


t7 


then / becomes: 
F = 221, ej; = 2 X power 
4,J 
The sum of the products 7;; €;; is the power delivered to the 
sources of e.m.f. in the network. Thus a special case has 
been derived where 
P = Power = 2 ti jeij 
79 
is a minimum (the constant 2 is superfluous since twice the 
minimum of a function is a minimum on the function). 

Conditions necessary for the second case to apply have 
been achieved in the analog computer AL-PAC by careful 
attention to the magnitudes of the e.m.f.’s, currents and 
residual path resistances. The practical analog computer 
now in use is completely transistorized, and handles a 24 X 
107 matrix uniquely. This computer is called AL-PAC 
standing for Analog Linear Programming Algebraic Computer. 
Figure 4 shows the general appearance of AL-PAC as it is 
being operated. 

The AL-PAC computer can be used as a fixed program 
computer in which the computer matrix is arranged to accom- 
modate all necessary possibilities, and no additional pro- 
gramming time is required. For a particular problem, the 
initial conditions are set by means of an ammeter and volt- 
meter or by setting calibrated dials. A solution is avail- 
able directly after these conditions are set, and is read out 
by means of the ammeter. Parameter changes, general op- 
eration, and maintenance can be performed by the non- 
technical operator without, in general, requiring technical 


assistance. 
Let us now see how a problem can be solved on the analog 
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computer when it is desired to optimize a production and 
distribution schedule. The following terms are defined: 


A; = cost of producing a product at 7 
b;; = cost of transporting the product from 7 to j 


ci; be re-defined as c;; = Ai + bi; 


Each cost factor (c;;) includes both the cost of transfer and 
cost of producing. The voltages in the analog network are 
set equal to the combined cost of transfer and cost of produc- 
ing €;; = ¢;; As before, the problem can be solved as one 
where supply ~ demand and the techniques for solving cases 
of unequal supply and demand are the same as described 
earlier. However, if supply exceeds demand, the computer 
shows which facilities should be run on a full time basis. 
Hence the computer provides a solution giving (a) the best 
distribution pattern, and (b) the best production schedule, 
with the objective of achieving a lowest total cost. 

The computer also provides other useful information from 
the values of the potentials at the input and output nodal 
points. This will be illustrated using the simple case shown 
ing Fig. 3. It is obvious that potential differences must 
exist between each node and the common current return 
path. Let us denote these potential differences by 


Vy Vy Vu» Vine, and Vy,’ 
A condition that might exist for a particular problem is 


Vy, > Vy, 

Vy, > Vy, 
This means that N; is the best producing point, i.e., it is 
the point where one additional unit of product can be most 
economically used. For plant expansion, one then thinks of 
expanding the source of supply at point Mj, or in terms of 


the original problem, at location of supply S; (provided it 
achieves this low cost by virtue of its situation, and not, 
for example, by more efficient machines, which, of course, 
could be added to any of the supply points). 

It is often of interest to find what volume of product should 
be made at the lowest cost producing point under ideal condi- 
tions of unlimited plant expansion at this point. An answer 
is found very simply by removing the current generator which 
limits the production level of this facility and supplying a 
“direct connection” to the common current return path in 
place of the current limiter normally provided. Measuring 
the current flow through the “direct connection” then pro- 
vides the optimum producing level at this supply point. 

Further useful information is obtained from the node 
voltages at the destination points. For example, the voltages 
can be used to help decide the desirability of increasing 
sales emphasis in the form of advertising, etc., at particular 
destination points. For example, suppose Vy,’ < Vy,’, 
that is, the node potential at demand point D, is less than the 
node potential at D,. This inequality immediately indicates 
that the sales emphasis should be placed at the second 
destination point in view of the higher return per unit sold 
there. 

A problem of still another type can be solved on the analog 
computer in which the distribution (or production) cost is a 
function of the amount of product that is being produced by 
a facility. Assume, for example, that the unit cost 


(1 = Ai + bu + fi) 


The total cost is now a function of production cost (A), 
the distribution cost (611), plus a cost that is a function of the 
amount of material being transferred (or produced). To 
handle this situation on the computer one simply measures 
the current in path 7, (which is analogous to the amount 
t1) and then in turn corrects the cost voltage e, in accord- 

ance with the above equation. This 
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change in cost voltage may or may 
not change the production and distri- 
bution schedule. It is quite feasible 
with this technique of iteration to con- 
sider the effects of several such changes 
even when these changes involve non- 
linear cost functions. 

In developing the computer an elec- 
trical element has been devised that 
automatically places an upper restric- 
tion on the magnitude of the current 
flowing through a particular path. 
Such an element lends itself to the solu- 
tion of problems where maximum flow 
through a complex network is desired, 
as well as proving useful in AL-PAC 
or problems where supply does not 
equal demand. 
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PAPERS OF CURRENT 


A New Challenge in Tomorrow's Maintenance 
HENRY P. EVANS 


Many of you, as leaders in the paper and pulp industry, 
are growing more and more interested in the maintenance of 
your plants. This is as it should be, for day by day your 
plants are becoming more complex technically, in some cases 
larger, and certainly in every case—older. 

Your interest in maintenance has been kindled to some de- 
gree by the current economic situation in your industry. 
Yearly production of paper and pulp has fallen somewhat be- 
low the peak of 31 million tons reached in 1956. Some of 
your companies have had to absorb wage increases, because 
the competitive situation did not allow price increases. The 
result is that profits are down considerably more than is the 
production rate. 

These conditions lead you to ask some searching questions 
about maintenance. Are your new plants being designed 
for low-cost maintenance? Are you staffed and tooled to 
maintain effectively your existing plants at the lowest over- 
all cost? 


MAINTENANCE EXPERIENCE 


Answering these questions for a complex industrial plant, 
such as those in your industry, isn’t easy. But by drawing 
on our company’s 50 years of experience in engineering, con- 
struction, and maintenance, perhaps today we can help you 
appraise the maintenance effectiveness at your various plants. 
So first, a word about our background. 

For some 40 years, our company has been engineering, de- 
signing, and constructing many types of plants for various 
industries—petroleum, petrochemical, chemical, ore proc- 
essing, and others. For 50 years, we have been fabricating 
in our shops a wide range of apparatus—heat exchangers, 
coolers, condensers, feedwater heaters, reactors, mixers, 
autoclaves. 

With these operations, our interest in maintenance has 
grown and grown. For example, we are continuously working 
on more economical ways of designing low-cost maintenance 
into brand-new plants. We work steadily to maintain the 
full capability of the production machines in our fabricating 
shops and the heavy equipment used by our construction 
division. In 1940, our yearly cost for maintenance ran three 
times our yearly charge for depreciation of plant. Through 
continual effort and management attention, we brought our 
maintenance cost down considerably. For the past 10 years, 
it has run less than the yearly charge for depreciation. 

Several companies, observing the progress we made in 
maintenance, invited us to study their plants. Thus since 
1945, our company has made surveys of some 35 industrial 
plants and developed maintenance-improvement programs 
for each of these plants. The surveyed plants range from 
small ones to some of the largest in the world. They range 
from fairly new to rather old plants. Most of these plants 
are in the United States. Some are in Canada, South Amer- 
ica, Australia, Indonesia, and Europe. From these surveys 
and from our work and observations in many other plants, we 
have further developed our thinking on maintenance. This 
thinking may help you with the maintenance of your pulp 
and paper mills. 

Haney P. Evans, Staff Consultant, C. F. Braun & Co., Alhambra, Calif. 
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INTEREST 


The Usual Condition 


In plants experiencing high-maintenance costs, or insuffi- 
cient maintenance, or sometimes both, we have found certain 
definite deficiencies. These deficiencies are as follows. 


Maintenance policy not well-defined. 

Tooling inadequate for the work. 

Heavy use of manpower. 

Looseness in organization. 

Poor records of costs, man-hours, and equipment. 
Lack of management interest. 


Some plants have all of these deficiencies. But a plant does 
not need all of them to be plagued with high-maintenance 
costs or insufficient maintenance. 

Maintenance Policy. Let us look at each of these defi- 
ciencies separately and in more detail. Many plants do 
not have a clear-cut management policy regarding main- 
tenance—broad or specific. Few indeed are the plants where 
the policy is to keep the plant in top condition all the time. 
More often the policy is simply, keep the plant running at 
any cost. Often the policy seems to have come out of thin air, 
rather than from a management study of the combined effects 
of operating requirements, equipment replacement, essential 
maintenance, cost of maintenance, economics of contracting 
certain work of maintenance. 

Inadequate Tooling. Most of the plants we have studied 
are way undertooled maintenance-wise. A few sections, such 
as the machine shop, may be well tooled. Rare is the plant 
that is consistently well tooled throughout—in all of the shops, 
in the field, in the warehouse, garage, offices, and elsewhere. 
Why this undertooling? Primarily it stems from our tax- 
laws, from subjective accounting systems that hide costs, and 
from the fact that it takes less effort to sell management on 
saving the present dollar as compared to saving the future 
dollar (1). 

Use of Manpower. Almost invariably in plants with high- 
maintenance costs, manpower will be used heavily in place 
of machine power. Materials handling will be by laborers 
and crow-bars instead of by fork-lifts or cranes. Manual 
tools instead of powered hand-tools are the order of the day. 
Communication is by foot rather than by phone. In many 
plants, the paperwork and approval to add another man cost- 
ing $7000 a year is much, much easier than buying a $7000 
machine. And the machine may cost only $1000 a year to 
operate and maintain and may eliminate the need for one or 
more men. How can this be? It’s simple. Accounting can 
charge a man to expense, without any questions asked. But 
the capital cost of a machine has to be sold to management, 
usually with considerably difficulty. 

Loose Organization. The plants with high costs usually 
suffer from a loose organization for maintenance. Sometimes 
the responsibility for maintenance is loosely divided among 
the operating groups. Responsibility for supervision is not 
well defined and supervisors are sometimes spread too thin. 
Often the maintenance warehouse is made the responsibility 
of the purchasing department or even the accounting depart- 
ment. Laborers are all pooled in one big yard gang handling 
both operations and maintenance work. 

Poor Records. Another common trouble in these plants is 
the poor records kept on ma’ntenance. Many times, no one 
will be able to provide a sound figure for the total cost of 
maintenance. Even the figure for man-hours of labor spent 
on maintenance will be highly variable—depending on who is 
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talking—the accountant, the plant manager, or the main- 
tenance superintendent. Often no records will be available 


as to what is or has been spent to maintain major items of 


operating equipment. 

Lack of Management Interest. Maintenance in these plants 
is treated as an unwanted stepchild. It gets little manage- 
ment attention, not anywhere near its fair share of leadership 
and other talents, almost no facilities, almost no consideration 
of any kind. 


RESULTS OF MAINTENANCE APPROACH 


The weaknesses described above—and many of today’s 
plants still show them—combine to affect maintenance ad- 
versely. The results are high maintenance costs, limiting of 
production, lowered morale of employees, negative effect on 
sound maintenance practices. 

High Costs. In plants with these weaknesses, the effect 
on maintenance costs has been staggering. Some of these 
plants kept one half of all their hourly employees busily at 
work on maintenance, yet their plants were not maintained to 
their satisfaction. Expenditures for maintenance materials 
equaled or exceeded the expenditure for maintenance labor. 
An oil refinery with a replacement cost of only 28 million 1959 
dollars typically had a base-crew of 220 hourly men working 
on maintenance alone. When management attempted to 
solve the problem by putting a ceiling on the size of the huge 
maintenance force, the refinery had to resort to using outside 
shops and contractors to handle a large part of its mainte- 
nance workload. 

Limited Production. The effect of these maintenance weak- 
hesses on a plant’s production is not easy to measure. But, 
it is apparent in several ways. Emergency shutdowns occur 
more often and last longer. Charge stocks to process units 
have to be wasted, lost, or reblended. Products fail to meet 
quality standards more often. Even the scheduled shutdowns 
require more work and last longer. Some idea of the mag- 
nitude of this effect can be gained by looking at the onstream 
service-factors of a continuous-type plant, such as an oil re- 
finery. Here a lack of maintenance capability can cause a 
refinery’s total down time to increase by 5 to 10 days a year. 
For a refinery running 100,000 barrels a day, this increase in 
down time may reduce net income, after federal taxes, by as 
much as $500,000 a year. 

Other Effects. When maintenance capability is below aver- 
age, other ills often result. The efficiency, the interest, and 
the morale of the individual maintenance man goes below par. 
It becomes difficult to effectively apply proven practices, such 
as planning and scheduling of major work, materials control, 
cost control, preventive maintenance. These effects, al- 
though intangible, cost real dollars. 

New Plants. One may say, sure these weaknesses exist, 
but they are not the rule in modern, well-designed plants (2). 
Last May, the editors of Factory selected the ten best new 
plants in 1958 after a study of 700 plants built that year (3). 
After describing each of the winning plants, Factory editors 
have this to say about maintenance. 


‘‘Every one of the winners is designed for low-cost maintenance. 
The evidence sticks out all over. But action seems to peter out 
right there. From a study of maintenance management practices 
set up for these plants Factory editors get this impression. In 
most of the ten winning plants, maintenance management, plan- 
ning for economic operations lags far behind building and equip- 
ment design.’’ 


PRINCIPLES OF ECONOMIC MAINTENANCE 


From our surveys, we find that plants are quite different 
maintenance-wise, even those with almost identical processes 
and making the same products. Thus any program developed 
for improved maintenance must be tailored to fit the particular 
plant. 

Four Principles. We have analyzed each one of the im- 
provement programs developed by us during the past 15 
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years. They cover plants of many types and many sizes.) 
Nevertheless, we find that all of these tailor-made programs: 
stem from the same basic principles. These principles, the 
key to economic maintenance, are four in number. 


1. Establish a clear-cut policy on maintenance. 

2. Tool and train the maintenance man. 

3. Combine and centralize the facilities. 

4. Provide a sound organization and good methods. 


Policy on Maintenance. The policy on maintenance should 
be as clear-cut and as definite as management can possibly r 
make it. The policy should govern many of the day-to-day } 
actions and decisions on maintenance. It should cover all of f 
the following key points, at least. | 


Service factors to be attained over a specified period. : 
Useful life expected from major production units. , 
Basis for evaluating replacement as compared with con- 
tinual repair of equipment. 
Extent of housekeeping effort. : 
Types of maintenance work to be handled by contracting. | 
Amount and type of construction work to be handled by 

maintenance department. 


SEE ee COO 


Tool the Man. The principle, tooling the maintenance man, | 
is perhaps the most important of all. Tooling the man, as 
used here, has a broad definition. 


heat, roads, mechanical handling-equipment, trucks. All of 


these tools should be suitable for the work of maintenance. | 
The first step toward effective, economic maintenance is to | 


properly tool each maintenance man, be he laborer, craftsman, 
office worker, helper, or superintendent (4). 

Combine and Centralize. 
should be combined and centralized. Combining means lo- 
cating the major facilities, especially the shops and the ware- 
house, in one building. This combining reduces the invest- 
ment in buildings, reduces the cost of handling, of manpower, 
and of tooling. It promotes cooperation among the crafts, 
fosters coordination of activities, and provides flexibility for 
growth. Centralizing means bringing together in one area all 
of the maintenance facilities that properly belong together— 
shops, headquarters for field crafts, stores, cleaning facilities, 
garage, offices. This centralizing reduces and simplifies 
handling, improves supervision, avoids duplication, and per- 
mits an effective flow-pattern for the work. 

Organization and Methods. The organizational pattern for 
the maintenance department should be clearcut, should define 
and fix the responsibility for the various activities, and should 
generally be of the line type. It should put under one leader 
all of the activities that are concerned with the work of main- 
tenance or contribute to it. The maintenance methods, both 
mechanical and paper, should be truly up-to-date. Partic- 
ular attention should be paid to the planning and the schedul- 
ing of work, the amount of preventive maintenance, repair and 
salvage, work-order system. 


OPERATIONS 
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UTILITIES 


MAINTENANCE DEPT 
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Fig. 1. Organization for maintenance 
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The facilities for maintenance | 


It includes such things as | 
offices, furniture, shop machines, industrial buildings, light, 


Fig. 2. 


Maintenance Shops 


Application of Principles 


These principles, like most principles, are easy to state. 
On the other hand, their application to a specific plant, brand 
new or existing, is sometimes difficult to work out. Perhaps 
a description of how these principles can be applied to a 
medium-size industrial plant will lead to a clearer understand- 
ing of how they are applied and the benefits that can result. 

Management Policy. For this discussion, assume the man- 
agement clearly wants effective, efficient maintenance at low 
cost and so states this as a broad policy. Knowing what is 
wanted, in itself, is a big step forward. Assume, too, that 
management goes further and sets specific guides for main- 
tenance. These guides set forth the following objectives. 
Production units are to have high service-factors, say roughly 
95%. Replacement of equipment is to be favored over repe- 
titive major repairs. 

Housekeeping is to be good or excellent, not minimal. Con- 
tract maintenance is to be limited to specialized or infrequent 
work which outsiders can do more economically. New con- 
struction by the maintenance department is to be limited to 
the small, straightforward type of job and is not to con- 
stitute a major effort. Now let us apply our second principle 
—tooling. 

Shops. The maintenance shops are an especially effective 
place to apply the principle of tooling the maintenance man 
(5,6). All of the craft shops—such as machine, weld, pipe, 
boiler, electric, instrument, carpenter, valve, paint, sheet- 
metal—should preferably be brought together in one building. 
For low-cost handling, this building should have bridgecranes, 
jiberanes, fork-lifts, wide aisles. This building should provide 
ample working space, vertical as well as horizontal. The 
width of a bay should be not less than 60 ft. and often wider. 


Small mobile crane 


Fig. 3. 
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Clear space from underside of bridgecrane to the floor should 
be ample for high lifts and certainly not less than 16 ft. L- 
lumination should approach the values recently recommended 
by the Illuminating Engineering Society. For many geo- 
graphical locations, the shops should be air-conditioned. The 
machine tools in the shops should be of modern design and 
flexible, not hand-me-downs or single purpose, and should 
probably include the following tools. 


Hydraulic press 
Balancing machine 
Pipe machines 
Pipe rotators 
Welding machines 
Positioners 
Cleaning facilities 
Paint spray booth 


Milling machine 
Vertical boring mill 
Shaper 

Radial drill 

Drill presses 
Lathes 

Metal bandsaw 
Power hacksaw 


Shop Work. The sizing, planning, and layout of the shops 
should be based on doing most of the repair work in the shops 
rather than at the production units. In the shops, the proper 
tools, effective handling, and skilled craftsmen are readily 
available. At the production units, maintenance men must 
resort to makeshift methods, jury rigging, and handtools. 

Mobile Equipment. An industrial plant needs mobile equip- 
ment to haul equipment from the production units into the 
shops for repair. And the plant needs mobile equipment to 
haul men and their tools to all parts of the plant, and to lift 
and move many types of process equipment and materials. 
The mobile equipment fleet should usually include several 
types of trucks for hauling, several fork-lifts for handling, a 
small but highly maneuverable crane, and a truck crane with 
along boom. The mobile equipment has to be the right type, 
sufficient in quality, and well maintained. Otherwise, a lot 
of shopwork will not be brought to the shops. 

Garage. Maintaining this mobile equipment will usually 
call for a garage inside the plant. Too often this garage is 
little more than an open shed. Tooling a plant garage calls 
for facilities for washing and lubrication, for automotive and 
fork-lift repair, for tire repair. For effectiveness and econ- 
omy, these operations will need such things as a hydraulic 
lift, pressure-lube equipment, battery chargers, motor ana- 
lyzer, and so on. 

Roads. For mobile equipment to do its work, the equip- 
ment must be able to move quickly to and into the production 
units. This calls for something more than single-lane gravel 
roads. The plant roads should be straight, two lanes wide, 

paved, well drained, and clear of pipe supports, valves, hy- 
drants, and power poles. Major units of the outdoor type 
should have roads along all four sides. Maintenance of a 
production unit may require the parking of vehicles alongside 
the unit and the working of equipment from a road. Then 
it ig sound economy to provide a wide paved shoulder along- 
side that road. 

Accessways. Access from a road into a unit, whether the 
unit is outdoors or indoors, is as important as the plant’s road- 


Plant garage 


Fig. 4. 
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Fig. 5. Plant road 

system. Accessways should run through a unit, rather than 
dead-end. Accessways should be straight, paved, fairly wide, 
clear of obstructions, and provide the necessary vertical clear- 
ance for small cranes. Good roads, proper accessways, and 
the right mobile equipment, all combine to make it practicable 
to take shopwork out of the unit and into the shops where such 
work really belongs. 

Warehouse. One phase of maintenance often almost com- 
pletely overlooked is the warehouse. Yet the warehouse in a 
medium-size plant is a big business. Such a warehouse will 
issue several million dollars of maintenance materials each 
year, store 10,000 to 20,000 different items, and be responsible 
for quickly producing vital spare parts and spare equipment. 
For effective operation, the maintenance warehouse not only 
needs but deserves more than some leftover buildings from 
plant-construction days. 

The warehouse should be set up to deliver maintenance 
materials to the shops and to the field when needed, where 
needed, and with the least handling. This calls for the ware- 
house to be in the same building as the shops. Materials 
then can be stored in the same bay as the shop that uses these 
materials. Fork-lifts and utility trucks can use the building 
aisles to deliver most items quickly. Heavy items can be 
handled by the same bridgecrane that serves the shops. And 
materials stored in the shops and elsewhere can be limited to 
a few days’ supply of the small items used daily. 

The warehouse should be laid out and tooled so that modern 
methods can be used for handling and for storage (7). Pallets, 
pallet boxes, and pallet racks should be used wherever prac- 
ticable. Reel racks, bar racks, and other specialized racks 
should be used for odd-shaped items. When so tooled, ware- 
house labor costs go down and cubic feet of space are used 


Fig. 6. 


Access into unit 
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Fig. 7. Modern warehouse 


rather than just square feet of floor or sq. ft. of outside yard. 

Organization. The organizational pattern for a mainte- 
nance department cannot be the same for all plants, since the 
pattern has to be tailored to fit special situations caused by 
personnel, location, over-all company organization, and other 
factors. However, the pattern can be made clear, and can 
fix and define responsibilities. The troublesome areas usually 
are the warehouse, transportation, minor new construction, 
contract maintenance, and maintenance engineering. The 
maintenance department is usually involved in these areas 
more than any other single department. Thus the mainte- 
nance department should generally be made responsible for the 
warehouse, garage, mobile equipment, minor new construc- 
tion, and contract maintenance. On the other hand, the 
maintenance department is only a team-member of plant 
organization and should not be permitted to engage in empire- 
building. 

Methods. Many good articles have been published on the 
various paper methods for maintenance. They emphasize 
the need and describe methods for planning, scheduling, 
standards for repetitive work, preventive maintenance, equip- 
ment records, keeping of costs, work-order systems, spare- 
parts control (8). In large industrial plants, these systems 
are a necessity. They keep costs from getting way out of 
hand. These systems, however, should not be looked upon 
as a cure-all for every plant. The improvement possible by 
using these systems, measured either in increased effectiveness 
or in lower cost of maintenance, depends largely on the tools 
provided for actually doing the physical work of maintenance. 

Offices. A maintenance department needs office space for 
certain people in shops, warehouse, planning, supervision, 
and soon. And the department needs space for conferences 


Fig. 8. 


Methods of storage 
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and training. Again the principle of tooling comes to the 
fore. Too often, maintenance offices are crowded and make- 
shift, as well as poor and dirty in appearance. Offices should 
be well furnished, convenient, comfortable, and neat appear- 
ing. Tooling office space pays through increased work out- 


things as good plant roads, proper mobile equipment, and 
built-in handling facilities. Based on our surveys, most of 
the capital invested in tooling for maintenance will go to- 
ward building and equipping the shops, the warehouse, and 
the garage. 
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put, improved morale, and the respect gained from others. 
Office tooling really pays—surely tenfold, maybe twentyfold. 

Built-In Handling. Mobile equipment for handling heavy 
or bulky objects has been improved considerably in recent 
years. Many new types of equipment have been developed. 
Thus the trend in plant design is to cut down on built-in 
handling facilities and to make more and more use of mobile 
handling-equipment. This is especially true for the outdoor 
type of plant. However, built-in handling may yet be the 
solution in certain situations, either by necessity or for econ- 
omy. Certainly, consideration should be given to built-ins 
for such things as large compressors in line, and major main- 
tenance items located 50 ft. or more above ground. 

Contract Maintenance. In the last 5 years, several plants 
have gone to contract maintenance. And there seems to be 
a continual interest in this arrangement. There are three 
basic types of contract maintenance. 

1. Contractor maintenance of entire plant. 

2. Contractor maintenance supplementing the owner’s 
small base-crew. 

3. Contracting of special, infrequent, or peak-load main- 


tenance. 


The decision to use a contractor to maintain the entire 
plant or to supplement the owner’s small base-crew, depends 
on factors too numerous and too involved to discuss fully here 
(9). However, the use of contractors or outside shops for 
special, infrequent, or peak-load maintenance, is usually a 
matter of available skills and costs. 

Many plants have certain maintenance that contractors 
can do better and for less money. Here are the types of 
maintenance that a plant should consider contracting rather 
than using plant personnel. 

1. Work calling for special equipment, special knowhow, or 
for unusual craft-skill. Examples of such work are chemical 
cleaning of tubular equipment, rewinding of electric motors, 
servicing of water wells, heavy machining. 

2. Work occurring so infrequently that plant personnel can- 
not handle it effectively and efficiently. Examples of such 
work are major replacement of refractory brick, special lin- 
ings, major plumbing repairs. 

3. Work best handled by concentrating on it at a selected 
time. One example of this is the repainting of Jarge produc- 
tion units. 


INVESTMENT OF CAPITAL 


Tooling up for low-cost maintenance calls for the invest- 
ment of capital dollars. But it’s not nearly so costly as some 


believe. Some plants will have already invested in such 


Fig. 9. Built-in facility for handling 
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There is no rule-of-thumb available for estimating the in- 
vestment required for proper maintenance facilities for a 
specific plant. Our studies indicate that this investment may 
range anywhere from 2 to 5% of the replacement cost of a 
plant depending on size, type, age, and other characteristics 
of a plant. 

The primary objective of proper maintenance facilities is 
to cut the yearly expenditure for direct labor. Since the 
hourly pay of the maintenance worker is increasing at a more 
rapid rate than replacement cost, it appears most economic to 
provide the proper maintenance facilities just as early as 
possible. 


The Payout 


Assume an industria] plant has been provided with well- 
designed production units but with very limited facilities for 
their maintenance. As the production units grow older and 
as new units are added, the high maintenance costs to higher 
and higher. What can be done to bring these costs down, 
especially when hourly wages are constantly climbing? 

Usually the organization and systems can be improved. 
But the ultimate effectiveness of such improvements is es- 
sentially limited by the tools provided for the maintenance 
men. To really bring costs into line, the proper tools must be 
provided. And again we are speaking of tools in the broad 
sense—buildings, shop machines, warehouse equipment, 
offices, and so on. 

To get such tools, a plant must spend some capital dollars. 
But many segments of a growing company are bidding for 
these same capital dollars. Some groups want to add pro- 
duction facilities. Others press for replacement of obsolete 
production units. Some want new equipment to comply with 
new requirements established for pollution and for safety. 
How can management justify spending capital money on 
maintenance? 

Here is the justification. These tools earn their way by 
decreasing the manhours spent on maintenance, by cutting 
down the money spent for maintenance materials, by decreas- 
ing the down time of key production units, by cutting down 
the emergency work and the overtime. 

When all these factors are evaluated, the investment in 
maintenance facilities will usually have a payout equal to or 
better than most improvements in plant. The payout time 
will sometimes be as rapid as one year, usually about 2 years, 
and seldom more than 3 years. The other attractive thing 
about these maintenance facilities is their long, useful life. 
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When properly engineered, most of the facilities will serve 
adequately for 15 years or more. 


SUMMARY 


Day by day, your plants are becoming more complex—not 
simpler. Advancements in recent years have introduced 
larger production units, more types of specialized equipment, 
more instrumentation, automatic controls, new alloys, and a 
host of other improvements. 

Generally speaking, such improved plants require fewer and 
fewer operators. On the other hand, such plants call for more 
maintenance skills and sometimes more actual maintenance 
work than did yesterday’s plants. 

Therein lies the new challenge in tomorrow’s maintenance— 
how to do more types of maintenance more skillfully without 
having maintenance costs increase and offset operating econ- 
omies. This challenge cannot be met by the simple expedient 
of adding men or by deferring maintenance. Rather it has to 
be met by establishing a policy for maintenance, by organiz- 
ing for the work, and by providing maintenance people with 
the tools they need. Certainly tomorrow’s maintenance de- 
serves the top attention of management today. 
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Recent Improvements in Pulpwood Grinders 
for Insulating Fiberboard Manufacture 
WILLIAM F. FIELDS 


THERE are some people in the paper industry who feel 
sincerely that engineers should stop their continual changing 
and re-designing of machinery and equipment, put their 
heads together, and decide the one best way to build a given 
piece of equipment so that the industry would have a stand- 
ard refiner, a standard winder, a standard stock pump, and, 
yes, even a standard wood grinder. In this way, it is pro- 
posed that through the use of standard designs many engineer- 
ing hours would be saved with a consequent saving in the 
cost of production facilities to the industry. D.W. Ambridge, 
president. of Abitibi Power and Paper, Ltd., expressed this 
view in his speech entitled, “The Urgent Needs of the In- 
dustry” presented during the 8th Engineering Conference at 
Montreal in 1953. (1). 

When the steady progress that has been made in machinery 
and equipment design, production rates, and quality stand- 
ards since the days of that famous Chinese inventor of 
paper, T's’ai Lun and his 105 A.D. model handsheet mold, 
is considered, it is apparent that it would have been unfor- 
tunate for the industry and for the general economy if engi- 
neering designs had been frozen at some time in the past. For 
this same reason, it is unthinkable that this could happen in 
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the future for since the days of Mr. Lun the increasing cost 
spiral for capital additions coupled with demands for better 
quality products have and always will make it profitable for 


the industry to look continuously at the design of production | 
equipment with an eye to making improvements, to increase | 


capacity per unit of investment, reduce operating costs, and 
improve product quality. In essence this is the job of the 
engineer. 


The case in point is the wood grinding operation at the | 


Macon, Ga., plant of the Armstrong Cork Co. 


SELECTION OF THE GREAT NORTHERN GRINDER 
The development work by the Armstrong Cork Co. leading | 


to the selection of loblolly pine mechanical pulp for the manu- 


facture of insulating structural fiberboard was carried out at | 


the Herty Laboratory at Savannah, Ga., shortly after World | 
This work led to Armstrong’s unique method of | 
grinding wherein the wood is ground with the grain oriented _ 


War II. 


parallel to the direction of movement of the grinding surface 
rather than at right angles. 


tailed in the patent disclosure on this process. (2) In general, 
the resulting stock, which is produced with an energy con- 
sumption of 30 hp. per daily ton, is quite coarse and has a 
Canadian freeness in the range 300 to 500 ce. 


total fibers are retained on a 10-mesh screen. 


After careful study, the 54 xX 34 in. Great Northern 


grinder was judged as being in all respects the most suitable 
grinder for this method of pulping and was selected for 
Armstrong’s Macon plant during the early engineering plan- 
ning stages in 1946. The only modifications made to the 
standard grinder design were minor changes to the pockets to 
facilitate parallel grinding. 


DESCRIPTION AND HISTORY OF THE GREAT 
NORTHERN GRINDER 


A sketch of the grinder is shown in Fig. 1. The grinder is of 
the two-pocket type with the pockets inclined 20° above the 
horizontal axis of the shaft. The pocket size is 27 in. deep by 
33 in. wide. Each pocket is equipped with a brass-lined 
hydraulic cylinder 20 in. in diameter with a 24 in. stroke, 
which actuates the pressure foot used to hold the wood against 
the stone. A magazine or wood box is mounted directly 
above each pocket and holds one charge of wood for the 
pocket. A sliding steel plate operated by a second hydraulic 
cylinder forms the top of the pocket and the bottom of the 
wood box. When the plate is withdrawn, the measured 
charge of wood drops directly into the pocket. 'The maximum 
allowable operating pressure in the cylinder is 180 p.s.i., 
which would result in a theoretical 70 p.s.i. pressure against 
the stone if the pocket were filled solidly with wood. To 
compensate for irregularities and voids in the wood, as well as 
time periods when only one pocket is grinding, the grinder is 
usually provided with a governor which increases or decreases 
the hydraulic pressure to hold the torque and, therefore, the 
power input to the grinder constant. The shaft diameter 


Fig. 1. 


Section of Great Northern grinder 
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The reasons and theory behind | 
this method are beyond the scope of this paper but are de- | 


Of the total | 
fibers 70% are retained on a 65-mesh screen, and 7 to 20% of | 


SNES 


Courtesy Montague 


achine Co. 


Fig. 2. . Typical Installation Great Northern grinder 


is 13 in. at the stone and 10%/, in. at the bearings. This is a 
very simple and rugged machine, weighing over 23 tons with- 
out the stone (Fig. 2), 

The grinder was originally developed at the East Milli- 
nocket, Me., mill of the Great Northern Paper Co. starting 
in 1922 with the first major installation of 12 grinders being 
made during the period 1929-31 (8). 


Initial Grinder Installation 


When Armstrong’s Macon, Ga., plant was started up in 
1947, the pulping operation consisted of four of these grinders 
arranged in tandem, each pair being driven by a 3000 hp., 80% 
power factor, 240 r.p.m., synchronous motor. Governors 
were provided for hydraulic control, which varied the cylinder 
hydraulic pressure to keep the load on the motors at a con- 
stant level. With both pockets grinding, the average pressure 
of the stone against the wood was approximately 45 p.s.1. 

These grinders operated very satisfactorily for 8 years when 
it became necessary for Armstrong to make a 150% expansion 
to its Macon operation. 


Preliminary Expansion Studies 


The decision was made to add more capacity for the me- 
chanical pulping of loblolly pine with Great Northern grinders 
rather than to consider other wood species, pulping methods, 
or types of grinders for the expansion. Preliminary plans 
called for three additional tandem grinder lines to duplicate 
the two lines originally installed to achieve the 150% capacity 
increase. However, before finalizing the plans, a study was 
made of the original installation to determine if design im- 
provements could be made to improve the efficiency of the 
grinders and/or improve pulp uniformity. 


ENGINEERING ANALYSIS AND DEVELOPMENT OF 
GRINDER IMPROVEMENTS 


Insofar as design was concerned, the basic side frames, shafts, 
and bearings of the machine, simple and rugged as they are, 
could hardly be improved upon. Analysis was concentrated 
on the wood-stone interface in the grinder. The first and 
obvious variable here was the surface speed of the stone. 
The first objective in the direction of increasing capacity was 
to determine if the surface speed could be increased, and if so, 
to determine the maximum allowable speed. 

An investigation of existing grinder installations was made, 
and it was found that on 54 in. stones most installations were 
operating at synchronous speeds of 225 to 240 and 257 r.p.m. 
or at a maximum surface speed of 3620 f.p.m. The fastest 
stone found in production was in operation in Norway and 
was running at 5120 f.p.m. While no installations of 54 in. 
stones were found operating faster than 3620 f.p.m. on. larger 
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stones, speeds of 4000 to 4500 f.p.m. were found to be quite 
common in this country and in Canada. Concern over the 
effect on the quality of the pulp and not mechanical limitations 
finally led to the selection of 300 r.p.m. or 4250 f.p.m. for the 
new grinders. 

Observations over the 8 years of operation of the original 
grinder installation indicated that there were considerable 
production losses due to the time required to retract the 
grinder pressure foot after a pocket was ground out and in 
advancing the new charge of wood to the stone face before 
actual grinding commenced. With the standard hydraulic 
systems provided for these grinders, the low pressures in the 
water hydraulic system coupled with the large forces required 
during the grinding cycle required that large volumes of 
water be inletted and outletted from the cylinder during the 
grinding cycle. To get fast action in a system of this type, 
extremely large valves and piping must be provided. How- 
ever, there is a limit to the attainable speed for a given system, 
for as the acceleration and deceleration of large masses of 
fluid are increased, problems with shock or ‘‘water hammer” 
become severe. The second objective in the direction of 
increasing capacity was to increase the speed of the pressure 
foot during nonproductive portions of the grinder cycle 
(retraction and advancing wood to the stone surface). 

The method of controlling the pressure foot by controlling 
the pressure in the hydraulic cylinder, which in turn is regu- 
lated by motor load, was re-examined. If wood were a homo- 
geneous material, if it were possible to fill the pockets solidly 
with no voids and operate with both pockets grinding at all 
times, this type of control would produce a uniform pulp. 
In fact, if the above conditions were found in practice, no 
control would be needed. Because of voids, knots, wood 
density variations, pulpwood arching in pockets, and time 
periods when all pockets are not grinding, the wood is forced 
into the stone with variable unit pressures and at varying 
rates. Asa result, the characteristics of the pulp vary widely 
with respect to fiber size and structure. The pulp produced 
under low pressure conditions is different from the pulp pro- 
duced under high pressure conditions because of the conse- 
quent low and high rates of feed resulting from the pressure 
regulation type of control. 

One argument for motor load control pertains to demand 
charges for electric power; however, in this case, the demand 
charge is determined on a 30-min. basis, which means that the 
kilowatt load for demand is determined by the energy con- 
sumption over a half-hour period divided by the time period. 
With grinding cycles on the order of 2 to 4 min., it can be seen 
that instantaneous rates of energy consumption are irrelevant 
with regard to demand charges. The third objective in the 
direction of increasing capacity and improving pulp uniformity 
was to control the pressure foot with regard to feed rates to 
keep a constant relationship between feed and speed without 
regard to the resulting variability in hydraulic pressures or 
motor loading. 

To accomplish the second and third objectives, it was 
decided to go to a high pressure hydraulic system so that a 
small, low volume, fast acting cylinder could be used to actu- 
ate the pressure foot. Oil was selected as the hydraulic 
medium because there is a wide selection of control compo- 
nents available for oil systems while the selection of compo- 
nents for water systems is very limited. Two oil pumps are 
provided a high volume (25 g.p.m.), low pressure (500 p.s.i.) 
pump to power the cylinder for retraction and moving the 
wood into contact with the stone and a low volume (12 g.p.m.), 
high pressure (2000 p.s.i.) pump to power the cylinder during 
the actual grinding period of the cycle. These pressures are, 
of course, adjustable. Constant feed is accomplished with a 
constant flow valve, which operates on the principle of a con- 
stant pressure drop across an orifice independent of upstream 
pressures. Speed adjustment is made by adjusting the orifice. 
To power the pressure feet, small diameter, high pressure oil 
cylinders were mounted inside the castings formerly the 
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cylinders for the low pressure water powered units as will 
be explained. 

A detailed description of the grinder hydraulic system 
with circuit diagram (4) (Fig. 4) is given in the Appendix. 


MACHINE DESIGN PROBLEMS 


The machine design problems encountered in applying the 
small, high pressure hydraulic cylinders to the grinder will be 
apparent by a re-examination of the standard low pressure, 
water actuated cylinder shown on Fig. 1. One of the problems 
experienced with the standard cylinder has been in maintain- 
ing the seal at the piston rod packing gland. With low 
hydraulic pressures and with water as the hydraulic medium, 
some leakage at this seal can be tolerated. However, with oil 
as the medium and with much higher pressures, leakage at this 
point could seriously affect the efficiency of the system as well 
as contaminate the groundwood pulp. The pressure foot on 
the original design is rigidly attached to the piston rod with a 
taper joint. Because of the heavy weight of the pressure foot 
and eccentricity in the loading applied to it during grinding, 
a bending moment is developed on the piston rod causing 
deflections, excessive wear, and binding in the piston rod, 
guide, and stuffing box. 

For economic reasons, every effort was made to retain as 
much of the original design as possible while applying the high 
pressure hydraulic oil cylinder to the grinder. To avoid the 
bending moment in the piston rod, the basic design problem 
was to support and guide the pressure foot independently of 
the power unit. 

Figure 3 illustrates the resulting design (6), a standard 
hydraulic oil cylinder was selected and was suspended in the 
middle of and on the centerline of the foot piece. Each end 
of this cylinder is supported on a pin, but surrounding the pin 
is a ball and socket type bushing so that effectively the cylin- 
der is supported with a ball joint at each end. Thus, it is 
impossible to have eccentric or bending loads on the piston 
rod. This arrangement made it possible to apply effective 
seals on the piston with assurance of long and satisfactory life. 
The theoretical life of these nonadjustable seals, based on 
test data from the cylinder manufacturer, is 350 to 400 years. 

The cylinder applies its force directly to the foot piece, and 
the foot piece in turn is bolted to a guide tube. The guide 
tube passes back over the cylinder, serves as protection for 
the cylinder, and also acts as a guard to contain oil should 
there be a failure of the seal in the cylinder. 

The outside of the guide tube is chromium plated to give the 
surface hardness and wear resistance where it passes through 
the bronze bearing supporting it just behind the foot piece 
and to prevent excessive corrosion of this part. ‘The opposite 
end of this tube is equipped with a bearing shoe which slides 
on the interior of the housing, which is the casting for the 
standard hydraulic cylinder normally supplied with this 
machine. 

The front end of the housing is equipped with seals, not for 
the main purpose of entrapping the lubricant, but rather for 
the purpose of cleaning the guide tube each time it passes 
through the bearing to remove foreign material that might be 
deposited on it and cause scoring or marking of the bearing 
surface. 

The high pressure hydraulic cylinder is equipped with 
cushions at both ends of the stroke. The cushion on the 
down going end of the cylinder is provided to reduce shock 
should the foot piece be accidentally closed when there is no 
wood in the pocket. 


RESULTS OBTAINED 


Because the eight grinders feed into a common system, the 
capacities of the original versus the improved grinders could 
not be determined from production records. There were 
also the complications of the need for control of electrical 
demand, variable down time, the effect of stone diameter, 
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Fig. 3. Section improved power unit 


and variable freeness requirements when making different | 
products. 

To evaluate the improved grinders, a 7-hr. observation | 
period was planned. There were two groups of observers, | 
one group recorded the pulpwood consumed and the other | 
calculated pulp produced from forming machine production | 
adjusted for broke additives and changes in stock chest levels. | 
The results of the two methods of measurement checked | 
within 11/.% when the data were reduced to average tons of | 
pulp produced per hour. | 

Neither diameter and condition of the stones nor pulp | 
freeness on each of the eight grinders was checked. The | 
grinders were, however, under the complete control of the | 
operators and were operated in a normal manner. All con- | 
ditions were typical of those encountered in day-to-day opera- | 
tions. Daily production rates were adjusted for 12% down | 
time to allow for stone changes and mechanical down time. | 
It is felt that the production rates reported are representative | 
of those obtained under operating conditions. The measured 
capacities are as follows: | 


Average Grinder Capacity (12% downtime) 


Four original grinders—201.6 tons/day or 50.4 tons/day/ 
grinder | 

Four improved grinders—309.6 tons/day or 77.4 tons/day/ 
grinder 


To account for the 50% capacity increase, time studies 
were taken on the grinding cycles with the following results: 


Average Grinder Cycles (minutes) 


T otal 

Grind Retract Delay cycle 

Original grinders 2.95 0.54 0.11 3.60 
Improved grinders 2.31 0.08 0.13 2.52 


From this study, it can be seen that the capacity increase 
is partly due to the reduction of nonproductive time (reaction 
time) and partly due to an increase in the grinding rate. 


ECONOMIC VALUE OF IMPROVEMENTS 


Since pulp and paper industry engineers are usually em- 
ployed by profit making organizations, their efforts and the 
resulting innovations must be justified on an economic basis. 
Also, the risks of failure must be carefully evaluated. In an 
industry such as this with heavy capital requirements, a new 
development to increase capacity of a piece of production 
equipment, if successful, usually pays a handsome return. 

From the annual summary entitled, “The Hundred Larg- 
est” prepared by the First National City Bank of New York, 
the 100 largest U. S. corporations employed about 6,200,000 
people and did about $124 billion of business in 1957. After 
deducting the usual costs of doing business, their total net 


Vol. 43, No. 4 April 1960 Tappi 


; profit was $9,595,000,000. Of this total, $5,420,000,000 was 
paid to the stockholders leaving $4,175,000,000 for reinvest- 


ment in the business. If a 40 to 60% split between liquid 
and fixed assets is assumed, these companies were left with 
$2,405,000,000 for investment in new capacity and production 
facilities for new products. These are the funds that will 
make possible the fulfillment of the economists’ prediction of a 
Gross National Product of 700 billion by 1970 from the 
present 475 billion. 

When considered in terms of sales dollars and the efforts 
expended to acquire them the leverage of the capital dollar is 
tremendous. In the 100-corporation study cited, $51.60 of 
sales were required to yield $1.00 for investment in fixed 
assets. 

At current prices, the cost for the third tandem wood 
grinder line that did not have to be installed at Macon due to 
improved design and control would have cost $325,000. At 
$51.60 sales per each new fixed asset capital dollar, the savings 
on the improved grinder installation was equal to $16,770,000 
of sales with regard to contribution toward business growth. 


CONCLUSION 


The progress of engineers and scientists in the glamour 
fields of electronics, missiles, and atomic energy is obvious 
and well publicized. However, the same principles and 
methods of analysis that lead to breakthroughs in these fields 
can be daily applied to ordinary work-a-day problems encoun- 
tered in industry. Basically, the factor in thinking that leads 
to new developments and progress is a return to fundamentals. 
Once a problem is recognized and defined in fundamental 
terms, the battle is usually won. Apples were falling from 
trees for eons before Newton asked why and discovered the 
law of gravity. 

The solution of industrial problems of the type discussed are 
often taken for granted and go unrecognized, but ultimately 
they constitute significant contributions to the business 
organization, the industry, in the aggregate to the economy, 
and eventually to the consuming public. 
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SHES eS 


Information regarding licenses to use the patented developments de- 
scribed can be obtained from the Legal Department, Armstrong Cork Co., 
Lancaster, Pa. 


APPENDIX 


THE HYDRAULIC CONTROL CIRCUIT 


Symbols shown on the circuit diagram (Fig. 4) are the 
standard graphical symbols of the Joint Industry Confer- 
ences, known as the J.I.C. Hydraulic Standards. 

The contro] system for the hydraulic pressure unit 7 for the 
grinder includes a two-position, three-connection valve 19, 
which is arranged for manual control and also for automatic 
air pilot control. The system also includes automatic air 
pilot controlled valves 20 and 21, which are directional, two- 
position, four-connection valves, valve 21 being air controlled 
for movement to each of its two positions. There is also 
included in the system a pair of mechanically controlled valves 
22 and 23, which are directional, two-position, four-connection 
valves actuated automatically by control rod 9 attached to 
piston 10 of the pressure unit 7. These serve to control the 
delivery of air to pilot control cylinder on valves 19, 20, and 
PANN 

The air control system for the pressure unit 8, which 
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Fig. 4. High pressure hydraulic circuit diagram 


actuates the gate 6 includes diaphragm controlled valves 16 
and 17 and mechanically controlled valves 22 and 23 previ- 
ously mentioned. These latter valves have connections 
for control of the delivery of air to a pilot control cylinder 
on valve 24, which is an air pilot, controlled, directional, two- 
position, three-connection valve. 

Figure 4 shows the system in an at rest position with bolts 
of wood charged into the pocket 4 for engagement by the 
pressure foot 5 for movement into grinding position. 

To start the operation, the operator moves the manual 
control handle 25 of valve 19 to a “start” position. This 
reverses the position of valve 19 from the position shown in 
Fig. 4, and control air from source 18 passes through line 26, 
through valve 19, from pressure port P to port A, then through 
line 27 to air pilot control cylinder 28 of valve 20, reversing 
the position of that valve from the position shown in Fig. 4, 
and connecting ports P and B and ports A and T. 

With valve 20 in this reversed position, control air from 
source 18 flows through line 29, through valve 20 from its port 
P to port B, to line 30 which leads to air pilot control cylinder 
31 of valve 21. This reverses the position of valve 21 and 
joins ports P and B and A and T. With valve 21 in this 
position, hydraulic fluid for actuation of the pressure unit 7 
will be inletted into the unit above the piston 10 through line 
32, and hydraulic fluid will be exhausted from below the piston 
10 through line 33. 

The system is so arranged that the pressure foot 5 will be 
advanced quickly with low pressure to bring the wood in the 
pocket into engagement with the grinding stone 3 to produce 
a grip on the wood, and then high pressure will be applied to 
the wood during the grinding phase of the operation to move 
the wood into the grinding stone at a constant rate. This 
sequence of operations is accomplished in the following 
manner: 

Fluid under pressure is supplied by pump 12 through line 
34 into a group of six, 10-gal. capacity, rubber bag accumula- 
tors 134, and then through line 35 to valve 21. With this 
arrangement, the pump 12 has a relatively small capacity 
(25 g.p.m.) and by the use of connecting lines of appropriate 
size from the accumulators, the flow may be increased to 
180 g.p.m. to effect rapid movement of the piston 10. 

The fluid from line 35 flows into valve 21 and through valve 
21 from port P to port B to the line 32 supplying the pressure 
unit 7 above the head of piston 10. Pump 12 is provided 
with a governor to permit the pump to be set for a constant 
pressure output, which may vary over a desired range, say 
200 to 500 p.s.i. The governor is provided with a suitable 
handwheel adjustment to permit such variation of the output 
pressure as required. With rapid flow of fluid through lines 
34, 35, and 32 into pressure unit 7 above piston 10, the move- 
ment of the piston to bring the pressure foot into gripping 
engagement with the wood B in the pocket 4 will be quite 
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rapid. This initial advance of the piston in the “gripping 
phase” is equal to about 50% of its full stroke. 

Simultaneously, hydraulic fluid from the pump 11 will be 
supplied under high pressure through lines 36 and 37 to a 
constant volume, pressure-compensated metering valve 38. 
This valve operates in accordance with the pressure drop 
across it to provide for a constant rate of flow through the 
valve. It delivers hydraulic fluid to the unit 7 at a constant 
rate, as will be detailed below. The high pressure pump 11 
is equipped with a pressure controlled governor. The gover- 
nor is adjusted by a pneumatic cylinder 39 and a handwheel 
manual adjustment is provided also to permit operating the 
governor manually in case of air failure. The capacity of the 
high pressure pump 11 is low (12 g.p.m. at 2000 p.s.i.) and 
the governor permits adjustment of pressure from 800 to 2000 
p.s.i. 

The constant metering valve 38 is adjustable to provide 
for the desired flow, up to 4 g.p.m., and can be set at any 
fixed rate of flow within its operating range. 

As shown in Fig. 4, the valve 38 may be equipped with a 
conventional dial gage and a graduated scale and pointer. 
A manual adjustment with a locking arrangement is also 
provided on the valve 38 so that it may be set for the desired 
rate of flow and locked in adjusted position. The desired 
pressure on the inlet side of the valve 38 will be controlled by 
the governor on the pump 11. 

Metering valve 38 delivers hydraulic fluid to line 40 with 
leads to a sequence valve 41. The valve 41 is arranged so 
that the back pressure at which it opens may be varied. 
This may be adjusted from 200 to 500 p.s.i. back pressure in 
line 35 through connecting line 135. Thus, when hydraulic 
fluid acting against piston 10 in the pressure unit 7 brings 
the wood B in the pocket 4 into engagement with the grinding 
stone 3 and the pressure on the foot 5 builds up, the forward 
motion of the piston is arrested and back pressure builds up 
in lines 32, 35, and 135 until the opening pressure of valve 41 
is reached, whereupon it opens and permits hydraulic fluid 
to flow through metering valve 38 and line 40 and through 
valve 41 into line 42. A check valve 43 is provided in the 
line 35 to prevent back flow of the hydraulic fluid into line 34. 
Thus, the high pressure fluid flows into line 35, through valve 
21, from port P to port B, and into line 32 to the upper end of 
the pressure cylinder 7 above piston 10. The supply of 
hydraulic fluid to the cylinder above piston 10 is metered by 
valve 38 to advance the wood into the grinding stone at a 
constant rate. Since the valve 38 is responsive to the pressure 
drop across it, it is self-compensating for increases and de- 
creases in pressure required to force the wood into the stone at 
the desired rate. 

As piston 10 in pressure unit 7 moved downwardly to bring 
the pressure foot 5 into engagement with the bolts of wood, 
actuator cam 44 on control rod 9 is moved away from the 
mechanical controller 45 of air control valve 23. This 
moves valve 23 to a position opposite to that shown in Fig. 4, 
and port A is now connected to port T. With the valve in 
this position, air is exhausted from air pilot control cylinder 
46 of valve 24 through line 47. 

Upon exhausting of air from air pilot control cylinder 46, 
valve 24 moves to a position opposite to that shown in Fig. 4, 
and ports A and T are connected. This permits air to be 
exhausted from the diaphragm 48 and 49, which control 
actuation of the valves 16 and 17. Exhausted air flows 
through line 50 to valve 24 and through the valve from ports 
A to T for exhausting. 

When air is exhausted from above diaphragms 48 and 49, 
spring loaded valves 16 and 17 are reversed from the position 
shown in Fig. 1, and ports A and T of valve 16 are connected, 
and ports P and A of valve 17 are connected. In this posi- 
tion, air from source 15 flows through line 51 into valve 17 
and through port P to port A and then through line 52 to the 
top of the pressure unit 8 above the piston therein, and air 
below the piston is exhausted from the pressure unit 8 through 
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a line 53 and through valve 16 from port A to port T to the 
atmosphere. Movement of piston in unit 8 in this downward 
direction moves gate 6 to a closed position, covering the open 
top of the wood pocket 4, and the gate may be restacked with 
wood while the pocket grinds out. 

As grinding continues, the piston 10 in pressure unit 7 forces 
the wood into grinding contact with the grinding stone 3 at a 
constant rate, as previously mentioned, and hydraulic fluid 
below the piston 10 is exhausted through line 33, through valve 
21, ports A and T of which are connected together when the 
valve 21 is in ‘grinding position.” The fluid passing through 
valve 21 is received in discharge line 54 through which it is 
delivered back to the tank 13. 

Movement of the piston 10 continues until the actuator cam 


44 on control rod 9 engages the mechanical controller 58 of — 


valve 22. When this occurs, the position of the valve is 


reversed from that shown in Fig. 1, and ports P and A are | 
connected. With the valve 22 in this position, control air | 


from the source 18 is delivered through lines 56 and 57 to 
valve 22 and passes through the valve from port P to port A 
to line 58 to air pilot control cylinder 59 of valve 19. When 
this occurs, valve 19 is reversed to the position shown in Fig. 1 
with ports A and T again connected. (It will be remembered 
that the valve was reversed upon manual operation of the 
control handle 25 to “start’’ position at the beginning of the 
operation.) This exhausts air from air pilot control cylinder 
28 of valve 20, through line 27, and through ports A and T of 
valve 19. 

Thereupon, valve 20 returns to the position shown in Fig. 1, 
and control air now flows from source 18 through line 29 into 
valve 20 and through its ports P and A to line 60, which 
supplies air to air pilot control cylinder 61 of valve 21. This 
returns valve 21 to the position shown in Fig. 4. (Air pilot 
control cylinders 31 and 61 operate in opposition to one 
another; cylinder 61 moves the valve 21 to the position 
shown in Fig. 4, and the cylinder 31 moves the valve to its 
opposite position.) When the valve 21 is in the position 
shown in Fig. 4, fluid is supplied by pump 12 through lines 34 
and 35 through check valve 43. Fluid supplied through line 
35 passes through valve 21, ports P and A, and then through 
line 33 into the lower end of pressure unit 7, below piston 10. 
As previously mentioned, pump 12 supplies fluid to the 
accumulators 134, which are connected to lines of such size 
that the fluid may be delivered to pressure unit 7 at a rela- 
tively high rate, 180 g.p.m., for example, and this effects 
very rapid retraction of the piston 10 carrying with it the 
pressure foot 5. Hydraulic fluid above piston 10 is exhausted 
through line 32 into valve 21 through ports B to T and then 
through line 54 back to the tank 13. 

As soon as piston 10 moves toward its retracted position, 
actuator cam 44 moves away from mechanical controller 55 
of air control valve 22, and air is exhausted from air pilot 
valve cylinder 59, which controls valve 19. The air is ex- 
hausted through line 58 and through valve 22 from ports A 
to T, which are connected together when mechanical controller 
55 is in its normal position as shown on Fig. 1. Air pilot 
control cylinder 59 is provided with a mechanical holding 
paw] and detent arrangement 159, which is only overcome by 
manual operation of control handle 25 of valve 19. Thus, 
valve 19 remains in a position with ports A and T connected, 
and the piston 10 continues to move to its fully retracted 
position. When this occurs, mechanical actuator 45 of valve 
23 is engaged, and ports P and A are connected, and air pilot 
control cylinder 46 of valve 24 is actuated. Air now flows 
from source 18 through line 62 to port P of valve 24, through 
valve 24 to port A, and then through line 50 to diaphragm 48 
and 49 of valves 16and 17. This moves valve 16 to a position 
where its ports P and A are connected and valve 17 to a posi- 
tion where its ports A and T are connected, both as shown 
on Fig. 4. In these positions, air for retraction of the piston 
in pressure unit 8, which carries the gate 6 flows from source 
15 through line 51, line 63, and through valve 16 from ports 
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P to A and through line 53 to the lower end of pressure unit 8. 
The air above the piston in pressure unit 8 is exhausted 
through line 52 and through valve 17 from ports A to T. 
Gate 6 is retracted, which permits a charge of bolts of wood 
positioned on the gate to fall by gravity into the pocket 4 
for grinding. 

The gate 6 remains open, and the pressure foot 5 remains 
in its retracted position until the operator reverses the hand 
lever 25 of valve 19, whereupon the operation is repeated. 

It will be clear from the foregoing that should the operator 
desire to interrupt the automatic operation of the grinder for 
any reason after the gate closes and the pressure foot is in 
motion toward the grinding stone, all he needs to do is reverse 
the manual control handle 25 of valve 19 to a “stop” position, 
which connects ports A and T, and the gate will automatically 
open and the pressure foot will automatically retract, and the 
controls will assume their normal at rest position. 


Receivep Oct. 30, 1959. Presented at the 14th Engineering Conference of 
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Corrosion of Fourdrinier Wires 


JOHN P. GERHAUSER 


FouRDRINIER wire corrosion in the big majority of the 
mills is not a major problem. But when it does occur it can 
be most drastic in cutting down on the life of the paper ma- 
chine wires. Many mills will operate year in and year out 
without ever experiencing any corrosion. There are a few 
mills that are continuously fighting this problem, and, unable 
to make the necessary changes in the mill equipment or in the 
furnish, pay for it in short wire life. Some of these mills 
consider themselves fortunate when they obtain as much as 
25% normal wire life. Another group of mills will have 
periodic cycles of corrosion but for the most part will operate 
without this headache. At times this corrosion will clear up 
without the mill making any changes. Sometimes in these 
mills we are able to determine the whys of this corrosion, 
but often as not we cannot pinpoint the actual cause. 

Corrosion is generally conceded to be electrochemical in 
nature. That is: a battery type of electric corrosion is set 
up and it is this current that causes the actual destruction of 
the metal or alloy. Without going into further detail on the 
theoretical mechanism of this corrosion we can simplify it 
into perhaps four or five generally recognized types. Bear 
in mind, however, that the types I will mention are not sharp 
divisions in the corrosion field; but one type can and usually 
does overlap into another division or classification. 

The type most generally recognized can be called direct 
chemical corrosion. This type can be likened to placing a 
piece of wire cloth into a beaker of acid. The diameters of 
both warp and shute (particularly the brass shute) are uni- 
formly decreased without any great change, except perhaps 
for an etched appearance of the wire surface. This might 
be a good time to mention the alloy compositions commonly 
used in fourdrinier wires. The industry uses a bronze warp 
consisting of about 8% tin, 0.3% phosphorous and the balance, 
copper. The shute alloy is a brass consisting of 15 to 20% 
zine with the balance, copper. In an all-bronze wire used 
when corrosion conditions are severe, we will use a bronze 
alloy consisting of between 3 and 6% tin, 0.8% phosphorus 
and the balance, copper. 

Temperature, pH, dissolved solids, etc., all affect the rapid- 
ity of corrosion, but more about this later. Figure 1 illus- 
trates a brand new wire while Fig. 2 shows this same wire 
after direct chemical corrosion. In this particular instance 
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55-mesh wire before using on the paper machine, 


25X 


Fig. 1. 


the warp has corroded to 55% of the original volume, and 
the shute to 40% of the original volume. 

Bimetallic corrosion is the next most commonly occurring 
type of corrosion. This is a true battery type of corrosion 
where an electric current is set up between two different metals 
or alloys. The less noble meta! being corroded at the expense 
of the more noble metal. Perhaps the most extreme couple 
we can think of is zine and gold coupled together. With 
such a couple the zine would corrode or dissolve at a fantastic 
rate. Table I shows the galvanic series of metals and alloys 
such as are commonly found in pulp and paper mills. There 
have been many of these galvanic series charts published, 
with slight variations in most of them. This one was pre- 
pared by the Battelle Memorial Institute and discussed in the 
Aug. 27, 1955, issue of Paper Mill News. 1 include three of 
the noble metals just for comparison. Metals reasonably 


Fig. 2. 55-mesh wire after corrosion; warp corroded to 
55% of the original volume; shute corroded to 40% of the 
original volume 
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Table I. Galvanic Series of Metals and Alloys 
Magnesium Copper-nickel alloys | 
Zine Monel 
Aluminum Silver solder 
Cadmium Nickel (passive) 

Mild steel Inconel (passive) 

Cast iron 13% Chromium stainless (passive) 
Lead tin solders 18-18 Stainless (passive) 

Lead 18-8-Mo stainless (passive) 

Tin Titanium 

Brasses Silver 

Copper Gold 

Bronzes Platinum 


close together in this series will not theoretically corrode while 
the further apart these metals lie the more rapid the electro- 
lytic corrosion. Because of the peculiar phenomenon called 
polarization, and/or the formation of certain oxide or sulfide 
films, this polarity can be reversed and the so-called more 
noble metal suffers corrosion. If the less noble metal is large 
in area as compared to the more noble metal the corrosion 
rate might not be fatal; but should the area of the less noble 
metal be smaller than the more noble metal the rate of corro- 
sion is tremendously accelerated. Such a situation exists 
with the silver solder seam. The area of the seam is infinitely 
small as compared to the area of the entire wire, hence, if the 
current flows from the seam to the body of the wire, the seam 
will corrode rapidly. Figure 3 illustrates this condition. 
Figure 4 shows excessive shute corrosion of the brass alloy. 


Brass shute corrosion as a result of electrolysis, 
25X 


Fig. 4. 


polarity differences between couples of wire cloth. under 
various conditions as determined in our own laboratory. 
Pitting is also quite common in fourdrinier wires particularly 
at the junction of warp and sbute wires. Again we note how | 
this type of corrosion ties in with bimetallic corrosion. Pit- | 


In the case of seam corrosion we sometimes plastic coat the 
seam area to prevent this condition. Seam corrosion is more 
apt to occur in an all bronze wire. In all bronze wire we do 
not have the anodic protection afforded by the brass shute. 
Apparently under certain conditions the silver alloy of the 
seam is less noble than the bronze warp and will corrode. 
When the brass shute alloy is present it apparently will 
corrode more readily than the solder alloy and in so corroding 
will give anodic protection to the minute area of the silver 
solder alloy. 


CONCENTRATION CELL OR SOLUTION CELL 
CORROSION 


This type of corrosion has not been given the publicity 
that I believe it deserves. An electric cell is set up between 
an area of high concentration and an area of low concentra- 
tion of an electrolyte; or an area of a high degree of aeration 
and an area that has little or no aeration; or between areas 
of different types of electrolytes. In fact, we can reverse 


the polarity of a zinc-copper couple by putting zinc into a 
This type of corrosion 
Table II shows the 


different electrolyte than copper. 
is characteristic in cylinder covers. 


> 


Fig. 3. Seam corrosion as a result of electrolysis, 25X 
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ting will often occur under a sulfide coating. Copper sulfide 
is formed on the copper alloy and as this coat builds up to 
a certain thickness it will flake off leaving fresh metal exposed 
for futher corrosion. 
formation—flaking off—further sulfide scaling, ete. Dezincifi- 
cation is often noted under this sulfide scale. This is a selec- 
tive dissolving out of the zinc in the brass alloy leaving the 


This can set up a vicious cycle of sulfide | 


composition of the shute much poorer in zine than the original | 


alloy. 

Corrosion fatigue is a variation of the straight chemical 
type of corrosion. Certain types of film formation protect 
against further corrosion. Oxide films and even a slight 
sulfide film can modify the rate of corrosion. With the 
constant flexing of the wire cloth these films are broken down 
and the corrosion accelerated. The continual wearing of the 
warp knuckle on the suction box covers also prevents a pro- 
tective film being built up on the warp wires. Corrosion 
lowers fatigue resistance; and fatigue stresses will accelerate 
corrosion. Intergranular cracking is associated with this 
type of corrosion. 

Intergranular cracking is sometimes associated with mer- 
cury amalgams. This is so rare as to hardly warrant discus- 
sion except that when it does occur it is most drastic. It is 
probably the most dramatic of any type of wire corrosion. 
In the past 15 years we have seen about 10 mercury corrosion 
cases. Under certain conditions, that we do not fully under- 
stand, the mercury in some of the mercury bearing compounds 
is reduced and will combine with copper alloys in the wire. 
This amalgam is brittle and the wire will fatigue in a couple 
of hours. 


Table II. Polarity Differences Between Different Couples 
Hard-alloy <a 4.0% SA ee ee 
Soft alloy ai 
Small areass..c. joke eh ee ee + 
Loree areas 

OLR ek ase ESR DE Ee TET 
Hot f 
QOuiescéntirs 4 Sone. ee + 
Turbulent 
Clesiny wine 22... 29. 725 at oo ok + 
Sulfide coated 
Clean wiresc:igisS 2k ee ee + 
Aluminum resinate size filling up 
Dilute: electrolyte s..5. ea aa 
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Section of warp wire showing mercury penetration 
of short warp knuckle, 250X 


Fig. 5. 


Here is a roll of cloth that was sent to me from a local mill 
by truck. When it left the mill there were no cracks. Riding 
in the truck for 5 miles resulted in this, every layer of this 
bundle had cracked. We have found that traces of ammonia 
or ammonium salts will, in the presence of mercury salts, 
cause this type of embrittlement. Perhaps a chloramine water 
treatment will reduce the mercury. This type of corrosion 
is easily recognized under the microscope and traces of mer- 
cury can be detected by a colorimetric test such as we have 
developed in our laboratory. Figure 5 shows the penetration 
of the mercury into the short warp knuckle (greatest strained 
area) and Fig. 6 shows a cross section of this same warp 
knuckle. 


Effect of Temperature 


There is a wide variation in the literature on the effect of 
temperature on the rate of corrosion. However, all author- 
ities apparently agree that it is pretty close to a straight-line 


Cross section of warp knuckle shown in Fig. 5, 


Fig! 6 
- 250% 
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Table III. 


Effect of Variations in pH and Conductivity on 
Corrosion 
Beaker corrosion 


Corrosion, Conductivity, 
pH mg./l. microhms 
pH Adjusted With Alum 
5.8 5.4 215 
4.8 15.6 250 
4.2 395.0 550 
Be 630.0 2800 
pH Adjusted With H.SO, 
6.0 3.2 200 
4.8 6.0 200 
4.1 L2e5 220 
on 91.0 350 


function. Some of the literature states that the corrosion 
rate is doubled with every 10° rise in temperature. Others 
state that it is doubled with every 35° rise in temperature. 
In our laboratory, running beaker tests on wire cloth with 
paper mill furnishes, we found that the rate of corrosion was 
doubled with each 25° rise in temperature and that it was an 
exact straight line function between 60° and 180°F. From 
observations in mills (particularly glassine mills) I believe 
that the figure cited above can be accepted as pretty close to 
being correct. 


Effect of Aeration 


In beaker tests we have found that aeration tremendously 
increases the corrosion rate, under all possible conditions. 
There is no corrective measure that a mill can take to mini- 
mize aeration. Certainly a wire running on a paper machine 
presents an optimum condition for entrained air in the white 
water. 


Effect of pH and Conductivity 


The literature and experiments are most confusing, but 
certainly the further you get away from the pH 7 the more 
corrosive the white water. We have never been able to 
develop a satisfactory pH-corrosion curve such as we have 
with temperature-corrosion, and conductivity-corrosion. 
Table III shows how variations in conductivity contribute 
much more to corrosion than does pH. In our minds, con- 
ductivity of or concentration of the dissolved solids in white 
water is perhaps the most critical controllable factor in 
determining the corrosion rate of fourdrinier wires. We 
believe a conductivity meter such as is obtainable in most 
boiler rooms is a most valuable tool in studying corrosion 
problems. We all know that no two mills are identical and 
what might be a hazardous condition in one mill might be 
satisfactory in another mill, hence, the figures I am going to 
give should not be taken too literally. Somewhere between 
600 and 1000 microhms with a normal mill pH could be con- 
sidered the break in the corrosion curve. In one mill with a 
pH of 7.3 they found a corrosive condition at 1700 and a non- 
corrosive condition at 1200 microhms. Chlorides are one of 
the worst actors, sulfates and sulfites are about the same, 
while the thiosulfate radical is the worst one we have tested. 
It had a corrosion rate ten times that of either the sulfate or 
the sulfite. The break in the corrosion curve for the chlorides 
is somewhere between 100 and 150 p.p.m. 

Assuming you have a good source of water supply, giving 
you copious quantities of water that is free of dissolved solids, 
sulfur gases, organic acids from swamps and from the factory 
pollution so often found in our industrial streams, the complete 
washing of the pulp fibers will definitely minimize your corro- 
sion. I have in mind a mill that has a completely closed 
system that has built up the conductivity to 8000 microhms, 
that, to our knowledge, is a world record. The previous high 
was 3500 microhms. Needless to say, these mills have 
terrific fourdrinier wire corrosion. The only out for a mill 
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with this high conductivity is to use a nickel plated, tin 
plated, or plastic coated wire. All types of these wires have 
done excellent jobs in minimizing the corrosion problems 
in corrosion mills. The comparative merits of tin- and nickel- 
plated wires are completely discussed in an excellent article in 
the September, 1956, issue of Tappi magazine. 

For the most part we have talked generalities. This is 
necessary as each mill corrosion problem is an individual 
problem that can be solved only by a mutual study of the 
operating conditions in the mill. 

Speaking for my company, and I am certain for the entire 
fourdrinier wire industry, we are most willing to cooperate 
with any and all mills in studying what we consider our 
mutual problem ‘The Corrosion of Fourdrinier Wires.” 
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Practical Pulp Strength Evaluation Techniques 


ALFRED A. MANN 


During the course of pulping, bleaching and economic 
evaluations of different pulps, it has become evident that in 
order to accomplish the desired analysis of the data, more ex- 
act methods of stating pulp strength are required. This means 
that a single arithmetical value is needed to express the rela- 
tive strength which a pulp can contribute to a furnish for mak- 
ing paper. By use of relative strength values the substitution 
ratio of one pulp for another can be determined and the eco- 
nomic value of each stated in comparison to its cost. 

Various investigators (1-5) have expressed the strength of 
pulps as single numerical values, determined from a combina- 
tion of two or more physical characteristics. The method 
used by Davison (1) has appeared admirably suited for the 
purpose desired and forms the foundation on which this work 
has been developed. In his plots of tear against burst, and 
with his lines drawn to represent a constant tear-to-burst 
ratio, he obtained a fundamental method for determining de- 
gree of fiber development. One object of this present work 
was to determine as closely as possible the tear-to-burst ratio 
representative of mill refining and beating conditions. A 
second object was to determine what weight on the bedplate of 
the laboratory beater gives the best correlation with mill stock 
treatment. A third object was to keep the strength testing as 
simple and as economical as possible with respect to time 
spent in making strength determinations. A fourth object 
was that of evaluating the practical value of a strength number 
obtained with the foregoing in mind. 

A new stock preparation system was recently installed at 
Cumberland Mills. This consists of continuous, wide-angle 
conical refiners designed to give essentially “bruising” rather 
than “cutting” action. These refiners treat separately the 
purchased sulfate bleached pulp which is obtained in bales 
from outside sources and the slush soda hardwood produced 
at this mill. These two pulps make up the major portion of 
the fibrous components used for making plain and coated 
book papers. After all ingredients have been blended to- 
gether, the final action, which is more “cutting” in nature, 
is carried out by jordans. During the early operation of this 
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system, the refiners-¢arried out the greatest part of the total 
refining action, the 


power. 


ee a a - | 
As a consegtence it was possible to determine quite » 


-. closely from the pre-refining of the two pulps what their de- 
.. gree of development must be to meet practical requirements 
* for these book papers. 

By plotting tear against burst on a laboratory cooked and | 


bleached sulfate pulp using different bedplate weights on the 


laboratory beater, it was possible to determine what weight | 
gives the highest tear and burst development at the tear-to- | 


burst ratio within the. conditions considered as practicable 


for mill refining. Using the weight selected, comparisons | 
were made between mill and laboratory treatment of the | 


long and short fibered pulps. Under the discussion of re- 
sults the value of the correlation obtained may be checked. 
Articles by Clark (6, 7) and Forman (8) brought out the 


fundamental nature of handsheet apparent density with | 


respect to tear and burst values. The linear relationship of 


various pulp physical characteristics with density was shown. | 


In the present investigation the various physical tests on 


handsheets were plotted against sheet density in order to | 
By so doing, a minimum | 
of experimental points were required to estimate reliable 


get curves of minimum curvature. 


average lines through the points, 
Parsons (9) in an article appearing in the literature in 1931 
noted practically linear relationships between bursting 


strength and folding endurance figures when plotted against | 


the fluidities (reciprocal of viscosity) of the corresponding 
pulps. Wood (1/0) found viscosity tests more useful as a 
control in digester operation than bleachability tests. Thode 
(11) stated that the bursting strength of unbeaten handsheets 
is principally a function of but two variables—the specific 
dye absorption and the cupriethylene viscosity of the pulp. 
Parmenter (12) suggested that a fairly direct relationship 


might be found between the viscosity values of several ship- | 


ments of a given grade of pulp obtained from the same pulp 
manufacturer, and the relative strength characteristics of 
these shipments. 

With all the above ideas on viscosity in mind, it was de- 
cided that it would be worthwhile to attempt a correlation 
between the strength numbers derived above and a viscosity 
test on each pulp. For routine control purposes a simpli- 
fied cupriethylenediamine viscosity test was developed and 
correlated with the relative strength number. For the con- 
trol of pulping and bleaching in the mill, viscosity tests can 
be used as a measure of relative strength loss which will 
make possible the obtaining of a great deal more information 
with the same number of man-hours involved in evaluation 
procedures. 

Information has been included showing how tear and burst 
of individual pulps may be combined to predict the corre- 
sponding values in a blend of known composition. The ad- 
ditional step required in estimating log fold has been shown. 
The use of a strength number involving both tear and burst 
has also been used to calculate the relative strengths of two 
furnishes in which one pulp was substituted for another of 
different strength potential. The ratio of the calculated 
strengths has been compared to the ratio of the measured 
strengths of the paper off the paper machine. The discus- 
sion of results includes a description of these comparisons. 


EXPERIMENTAL PROCEDURES 


Many of the test methods employed in this work did not 
follow TAPPI Standards and exceptions are included in the 
following paragraphs. 


Laboratory Beating-Handsheet Forming and Testing 

As will be shown in subsequent sections, 2500 g. was selected 
as the standard weight for the Valley beater. The pulp 
quantity and consistency specified in TAPPI Standard T 200 
were used. Dried pulps were soaked overnight and then 
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dans having been used with very little : 


- pulped using a nonstandard stirrer with a slotted disk agi- 
-tator blade. Slush pulps were not disintegrated, but all 


pulps have been beaten 5 min. with no weights on the bed- 
plate prior to the start of the beating with weights. The 
standard temperature of the stock during the beating was 
not followed; neither were the beating surfaces calibrated 
with abrasive. Only four samples of 1500 ml. each were 
withdrawn at 1, 5, 15, and 40 min. after starting the beating 
process with the 2500-g. weight applied. 

The Noble and Wood sheet machine was used for making 
handsheets. The recommendations of the manufacturer 
were followed in using this equipment. Since sheet density 
is appreciably affected by wet pressing (3) the calibration of 
the wet press weights has been done at least once a week. 
The sheets were made to a basis weight specification of 42.7 + 
1.7 lb. (m.-f. basis) for a 25 X 40 —500 ream. They were 
conditioned for at least 1 hr. in a humidity room at 73°F. 
and 50% R.H. before running physical tests. Prior to this 
the sheets were conditioned in an air-tight humidity box with 
a saturated solution of potassium carbonate in a plastic 
tray in the bottom of the box. After overnight conditioning 
in the humidity box the sheets were weighed and the basis 
weight determined allowing for the predetermined equilibrium 
sheet moisture. 

Only four sheets instead of five were used for physical 
testing. Five calipers on four thicknesses were made on 
the sheets before cutting test pieces. These calipers were 
used to calculate apparent density of the handsheets. The 
strips for tear testing were cut adjacent to the diagonal of 
the square sheets (8 X 8 in.). Strips adjacent to the tear 
strips were used for the Schopper fold test. The corner 
pieces were used for burst testing. Five tears were made 
on four thicknesses for long-fibered, and on eight thicknesses 
for short-fibered pulps. Eight burst and four fold tests were 
made on each set of sheets. Except for the differences noted, 
physical testing was done in accordance with TAPPI Stand- 
ards T 220, T 403, T 411, and T 423. 


Fiber Length Index 


A modification was made of the method of de Montigny 
(18) for determining a fiber length index (FLI). Since the 
British sheet machine was not available for use, the grid was 
attached to the bottom of a copper cylinder (6-in. tubing) 
which was placed inside a copper can of approximately 61/2 
in. inside diameter. After filling the inner cylinder to a depth 
of about 10 in. with water, 10 g. of disintegrated pulp was 
poured in and the level adjusted to 14in. Then the contents 
were stirred with a stirrer patterned after the one used with 
the Noble and Wood sheet machine. A belt formed from 
a piece of press felt was attached to the top of the cylinder 
and the other end placed between the press rolls of the sheet 
machine so that the cylinder would be pulled up through the 
pulp suspension at the same velocity for each determination. 
The fiber length index was taken as the grams of fiber col- 
lected on the grid per 10 g. of fiber originally present in the 
fiber suspension added to the inner cylinder. 


Simplified Viscosity Test 

A simplified cupriethylenediamine viscosity test was de- 
vised. It was realized that the method so developed would 
permit rapidity and simplicity of testing at the expense of 
some precision. 

The viscosity test-was conducted in the following manner. 
An ordinary 10 ml. volumetric pipet was selected as a ViSCOos- 
ity measuring device. Using a file, marks were scratched 
just above and below the bulb. The delivery of the solution 
from the top mark down to the bottom mark was taken as 
the delivery time in each case. The pipet was calibrated 
under constant temperature conditions using four different 
aqueous solutions of glycerine (C.P. grade) of measured 
specific gravity. Viscosity values were obtained for these 
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glycerine solutions from Lange’s “Handbook of Chemistry.” 
The range was from 5.4 to 84.0 cp. in nearly equal spacing 
between values. The delivery time at 77°F. was plotted 
against the corresponding viscosity value and a smooth 
curve drawn through the points. The delivery times at 
different temperatures on either side of 77°F. were obtained 
on water and on two pulp solutions of low and medium vis- 
cosity value and a temperature correction chart set up. In 
carrying out determinations on pulp solutions of unknown 
viscosity, successive checks were made until the delivery 
time, corrected to 77°F., agreed within 1% of the preceding 
test value. The final corrected delivery time was used to 
select the corresponding viscosity value in centipoises from 
the calibration curve. 

The cupriethylenediamine solution was stored in the 
bottle in which it was received. The bottle was equipped 
with a two-hole rubber stopper, glass tubing, rubber tubing, 
a drying tube and clamps so that the solvent could be removed 
through a 15-ml. pipet. At the same time that the solvent 
was being removed, air was being drawn into the top of the 
bottle through Drierite and Ascarite in the drying tube. 
Afterwards all entrances to the bottle and to the drying tube 
were stopped-off with the clamps. Asa further guard against 
decomposition of the solution a piece of clean copper wire was 
placed inside the bottle. 

In preparing pulp solutions, standard handsheets from the 
1-min. beating were used. A piece of the sheet was placed 
in the oven at 221°F. (105°C.) for 3 min., then 0.15 g. of 
pulp weighed out quickly, torn into small pieces and placed 
in a 50-ml. graduate under a copper stirring rod made as 
shown in TAPPI Standard T 230, the rod being clamped in 
the chuck of a variable speed stirrer. With the stirrer running 
at a slow speed, 15 ml. of water followed by 15 ml. of solvent 
were pipetted into the graduate and stirring allowed to con- 
tinue until the pulp was dispersed. The time varied from 
3 to 30 min. depending on the viscosity of the pulp. The 
resulting pulp solution was approximately 1/2% pulp. Tests 
on eight different pulps covering the range of viscosities encoun- 
tered in this work were tested by this simplified method and at 
the research laboratory in accordance with TAPPI Standard 
T 230 using a viscosity pipet. The comparison of the sim- 
plified and standard method appears in Fig. 1. It may be 
noted that a couple of “wild” points appear near the center 
of the curve. It is felt that something was definitely wrong 
with these two points because the others appear to lie along 
the average curve very nicely. 


Pulping and Bleaching 


Experimental pulps were cooked in a pilot digester of ap- 
proximately 10 cu. ft. capacity. The digester was cooked 
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Table I. Slush Sulfate Pine 85706—Strength at Dif- 
ferent Bedplate Weights 
Beating TAPPI TAPPI 
Bedplate lime, tear burst Ap. 
weight, g. min. factor factor (T¢X Bb)172(T & B)1/2 
1500 th 195 31 78 
ve 130 46 el 
185) 115 58 82 77 
35 95 62 Sa 
75 82 73 77 
120 70 70 70 
2500 1 154 32 70 
5 146 45 81 
10 119 56 82 do 
30 86 68 Oil 
65 74 71 73 
105 66 71 69 
3500 1 139 31 66 
5 127 47 77 
10 104 56 i do 
25 93 65 78 
55 88 75 81 
90 70 72 a 
4500 1 170 38 81 
4 121 47 76 
9 113 63 85 78 
20 96 64 79 
40 78 76 Wh 
75 67 76 71 
5500 1 119 Be 66 
3 129 49 80 
8 119 58 83 79 
15) 1138 74 92 
30 83 80 82 
60 68 74 71 
aT = tear. 
o>B = burst. 


with direct steam and had forced circulation withdrawing 
liquor from behind a suction strainer in the bottom cone and 
discharging the liquor into the top through a strainer basket, 
which sprayed the liquor over the top of the chips. 

Bleaching of sufficiently large samples to permit beater 
evaluations was carried out in covered plastic containers. 
Mixing and agitation was done by hand. The chlorina- 
tion stage was conducted at approximately 3% consistency 
(moisture-free basis). The other stages were done at about 
6%. Bleaching was done using conventional conditions of 
time, temperature and pH. Brightness tests were made on 
pulp sheets formed on the Noble and Wood sheet machine 
using tap water. The Photovolt meter was used to test 
brightness of the handsheets. It is estimated that TAPP 
brightness would probably be about two points higher. 


DISCUSSION OF RESULTS 


Laboratory versus Mill Beating 
Table I includes the test data obtained on a laboratory 


TEAR FACTOR 


BURST FACTOR 


Fig.2. Effect of bedplate weight on strength development 
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Table IIa. Bleached Softwood Sulfate 
Apparent TAPPI LAP PT. 
density tear burst 
Date g./ce. factor factor Tear/burst 
Mill Refining 
20 Oct. 58 0.520 157 65 2.42 
21 Oct. 58 0.490 169 55 3.07 
22 Oct. 58 0.500 169 58 2.91 
24 Oct. 58 0.513 152 55 iO: 
27 Oct. 58 0.505 161 bd Oe, 
29 Oct. 58 0.532 144 63 2.29 
30 Oct. 58 ~ 0.505 154 59 Peli 
31 Oct. 58 0.505 142 60 2.36 
1 Nov. 58 0.515 158 59 2.68 
7 Nov. 58 0.503 147 56 2.62 
Average 0.509 155 59 2.63 
Valley Beater 
27 Mar. 58* 0.493 Ids, 48 2.60 
8 Jul. 58* 0.520 146 56 2.60 
20 Aug. 58** 0.497 143 55 2.60 
20 Aug. 58+ 0.510 142 54 2.60 
4 Oct. 58+ 0.521 153 58 2.60 
5 Dee. 58* 0.500 135 51 2.60 
11 Dec. 58 0.508 146 a) 2.60 
13 Dec. 58 0.495 146 56 2.60 
15 Dec. 58 0.498 142 54 2.60 
17 Dec. 58 07521 138 58 2.60 
Averages 0.506 142 55 2.60 


* Dried pulp from bale kept since 1951. 
** Undried pulp fresh as of date noted, 
+ Undried pulp from different source. 


cooked and bleached sulfate pine pulp beaten using different 
bedplate weights on the Valley beater. Samples were taken 
at the six different times noted, to cover the practical range 
completely. Column (T x B)}/? was included to show how 
nearly constant this value is in the middle (or practical) 
range of beating shown here. 

The portion of the data for each bedplate weight for which 
a straight line may be estimated as an average of a plot of 
tear versus burst was included graphically in Fig. 2. The 
numbers in the lower right hand corner of the figure refer to 
the various bedplate weights used. A dotted line represent- 
ing a constant ratio between tear and burst equal to 2.5 was 
drawn in. From this graph it may be seen that the 2500-g. 
weight gives the highest tear and burst at the specified ratio 
to be shown later as representative of mill pre-refining. 

In Table Ila and IIb may be seen the comparisons between 


Table IIb. Comparison of Mill Refining and Valley Beater 
at 2500 Grams on Bedplate Soda-Hardwood 


Apparent TAPPI TAPPI 
density tear burst 
Date g./cc. factor factor Tear/burst 
Mill Refining 

21 Oct. 58 0.463 68 33 2.06 
22 Oct. 58 0.450 75 30 2.50 
24 Oct. 58 0.463 72 34 Pas tle 
27 Oct. 58 0.481 67 33 2.03 
29 Oct. 58 0.481 ie 29 2.48 
30 Oct. 58 0.456 63 33 1.91 
31 Oct. 58 0.446 66 29 2.20 

1 Nov. 58 0.444 75 31 2.42 

6 Nov. 58 0.451 69 30 2.30 

7 Nov. 58 0.447 69 33 2.09 
Averages 0.458 70 32 2 AO! 

Valley Beater 

3 May 58 0.458 51 32 1.59 

5 May 58 0.458 55 39 1.41 
13 May 58 0.458 56 28 2.00 
17 May 58 0.458 58 24 2.42 

4 Jun. 58 0.458 78 27 2.88 
24 Sep. 58 0.458 63 28 PASIAS 
25 Sep. 58 0.458 73 26 2.80 
27 Sep. 58 0.458 76 31 2.45 

8 Oct. 58 0.458 70 30 ORS 
10 Oct. 58 0.458 e 32 2.28 
Averages 0.458 65 30 ralid, 
ee ee eee eee 
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/ mill pre-refining equipment and the laboratory beater when 
comparing strength properties of standard handsheets. 


The comparisons are made for both the purchased bleached 
sulfate coniferous pulp and the slush hardwood soda pulp 
which receive the pre-refining treatment separately. At the 
time these tests were made very little subsequent stock 
treatment was done in the jordans. 

Calipering of handsheets made from samples of a mill 
refined, paper machine furnish taken from the headbox on 
the machine, triple washed to remove filler and other non- 
fibrous materials, has yielded apparent density figures of 0.465 
to 0.477. This furnish contained approximately 40% long 
fiber and 60% short. The average figures for mill refined, 
hardwood and bleached sulfate shown in Table IIb X Ia 
were 0.458 and 0.509 respectively for the density of hand- 
sheets. Using these figures the density should have been 


0.478 which agrees very closely with the figures obtained on the 


blend from the paper machine headbox. It is believed very 
likely that the triple washing of the headbox stock would have 
a tendency to remove fines, resulting in a somewhat lower 
density. From these comparisons it is felt that the degree 
of refining represented in Table Ib is an accurate approxima- 
tion of total mill fiber treatment. 

Ag will be shown later, decreasing the tear-to-burst ratio 
further within the possible limits of practical requirements 
will not affect the relative strength of two different pulps to 
any appreciable degree. All factors taken into consideration, 
the laboratory beater using a 2500 g. bedplate weight appears 
to give results very similar to those obtained with the pre- 
refining equipment. A tear-to-burst ratio was taken at 2.5 
for coniferous pulps and at 2.2 for mill soda hardwood from 
these data as being representative of overall mill stock 
preparation. 


Table III. Cooking, Bleaching and Strength Data—Experimental Alkaline Pulps 


Log fold 
Bleaching ‘ Photovolt TAPPI tear TAPPI burst (etieee: sean 
Cook no. sequence Cle demand, % brightness factor factor folds) 
Whole Logwood 
65813 CEHHH 10.6 76.0 124 50 Zeid 
65813 CESSS 10.6 83.0 140 56 ieee 
65817 CEHH 12S 78.5 Ss 53 2.65 
65817 CESS 12.8 Uig® 151 60 2.87 
75809 CEHH eyaP4 $2.5 115 46 2.65 
75809 CESS N8}72 76.5 141 56 2.93 
75811 CEHH 9.4 78.0 116 46 2.66 
75811 CESS 9.4 79.5 140 56 2.87 
75815 CEHH 11.4 80.0 125 50 2.61 
75815 CESS 11.4 80.5 142 57 Deb 
75823 CEHH Meso 82.0 97 39 2.14 
75823 CESS (303 83.5 130 52 2.64 
75829 CEHH 6.3 80.0 103 Al 2.32 
75829 CESS 6RS 79.0 122 49 2.54 
75831 CEHH 6.8 82.5 103 41 2.ok 
75831 CESS 6.8 82.0 135 54 2.82 
85804 CEHH 9.8 80.0 122 49 Diase 
85804 CESS 9.8 79.5 144 58 2.94: 
115805 CESS 12.8 78.0 148 59 2.82 
Slabwood 
55828 SSSSS 18.0* 129 162 65 3.02 
65804 CEHH 1223s 79.0 137 56 2. 70 
65804 CESS Wa) TASS 146 59 2.93 
65809 CEHH 12.4 79.5 LT 51 2) 80 
65809 CESS 12.4 78.5 155 63 2.87 
65811 CEHHH Ona 79.0 133 54 2.69 
65811 CESSS 10.7 83.5 153 62 2.98 
iber Length Cu(EN):2 visc., i 
Cook no. Strength no. Hea Nas ‘ ve Log vise. Log log visc. 
Whole Logwood Acate eet 
3- 25.2 on) 6.4 5 — (Yi 
ee 27.8 228) 8.0 0.902 —0.045 
65817-H 26.6 2.4 7.6 0.880 —0.056 
65817-S 29.6 Wee 10.2 1.008 +0.003 
75809-H 24.1 2.8 5) fs 0.763 —0.118 
75809-S 28.6 2.9 9.6 0.982 —0.009 
75811-H 24.2 2.6 6.1 0.786 —(0.106 
75811-S 28.2 2.8 8.5 0.929 —0.033 
78515-H 25.4 om 6.1 0.785 — 0.106 
75815-S 28.2 3.0 8.4 0.923 —0.035 
75823-H 20 BY 4.5 0.653 Shine 
75823-S 26.0 2.9 6.0 0.778 a. ‘ae 
75829-H 21.4 23 4.8 O08) Suds 
75829-S 24.8 2.3 6.2 0.792 oye 
75831-H Dies Dio 4.6 0.662 Eatuee 
75831-S 27.4 2.4 6.3 0.798 Sante 
85804-H 25.8 Mae 6.0 0.778 —Q. ' 
85804-S 29.1 Do 8.6 0.934 —0.03 
115805-S 29-2 ere Wie al 1.045 +0.019 
Slabwood 
55828-S lhe Ff 29 Nes 1.060 +0.025 
65804-H 27.5 Bil 6.9 0.838 —0.077 
65804-S 29.4 3.4 8.4 0.923 oer 
leas 304 31 99 0.993 = 0.003 
65809-S 30.4 ; : 5 a , ie 
= 26.8 3.6 6.1 0.784 : 
pte 30.5 on) 8.4 0.923 —0.036 
* Estimated. 
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TEAR FACTOR 


20 40 80 = 100 
BURST FACTOR 


Fig. 3. Tear vs. burst for pulps of different relative 
strength 


Physical Properties of Experimental Pulps 


In Table III appear bleaching and physical testing data 
for experimental alkaline process pulps from whole log pine 
(Pinus strobus) and from pine slabwood. Certain features 
of these data appear in Figs. 3, 4, 5 and 6. 

The code for the bleaching sequence is as follows: C-chlo- 
rination, E-caustic extraction, H-hypochlorite (calcium), 
and S-sodium chlorite acidified with acetic acid. The chlo- 
rine demand is the total percentage of chlorine consumed in 
reaching the brightness stated based on the moisture-free 
weight of pulp. The total equivalent bleach required for 
chlorite bleaching was assumed to be the same as for hypo- 
chlorite bleaching. The method of bleaching with chlorite 
permitted the loss of considerable chlorine dioxide as a gas, 
making accurate consumption of this chemical difficult to 
measure. All values for tear, burst, fold, and fiber length 
index (FLI) were taken at the point of laboratory refining at 
which the tear-to-burst ratio was 2.5. The log of fold is 
the average of four determinations of Schopper fold (double 
folds) at each beating period, the curve being extrapolated to 
the proper point of refining. The strength number was de- 
termined by extracting the cube root of the product of tear, 
burst and log fold. The Cu(EN), viscosity is the simplified 
viscosity value described earlier. The last two columns show 
the single and double logarithms of the viscosity value. 

Figure 3 illustrates a plot of tear against burst of five dif- 
ferent, experimental, whole log pulps of different strength 
potential. The relative strength may be expressed as either 
the tear or burst value at the point where each line is inter- 
sected by the line of constant tear-to-burst ratio of 2.5, 


=0:20 -010 0.00 0.10 
LOG LOG VISCOSITY 


Fig. 4. Relative strength vs. log log viscosity 


STRENGTH NO. 


-010 0.00 010 
LOG LOG VISCOSITY 


Fig. 5. Strength no. (including fold) vs. log log viscosity 


or it may be expressed as the square root of the product of 
the tear value times its corresponding burst value. The use 
of the tear value at the point of intersection has been used 
for the correlation of strength and viscosity. It may be 
seen from the fact that the lines representing the tear versus 
burst relationship for these pulps are nearly parallel, that 
the comparison ratio can be shifted to either the left or right 
without seriously affecting the relative strength of one pulp 
compared to another. 

If the relative strength of the various pulps from whole 
log pine are plotted against the corresponding viscosity values, 
then it requires a line of considerable curvature to approxi- 
mate the points. The curve indicates that at the highest 
viscosity the strength value has become practically constant 
with increasing viscosity. If the strength values are plotted 
against the log of viscosity, the line can be straightened some; 
and using log log viscosity, a straight line is an acceptable 
approximation as shown in Fig. 4. The tendency for curva- 
ture is still there, but much reduced. 

If the data for tear and log log viscosity from Table III 
are plotted for these pulps from slabwood, then a straight 
line approximation of the points could be drawn of equal 
slope to the line shown in Fig. 4, but displaced upward from 
it. This shows that at the same viscosity level, the slabwood 
produces a pulp of higher relative strength. The slabwood 
pulps also exhibited higher fiber length indices, increased 
fiber length evidently being a real factor in the increased 
strength of pulps produced from the sapwood region of the 
tree. Other factors may influence the superiority of sap- 
wood pulps, but this investigation gives no idea what they 
may be other than what the work has shown, that higher 
yields do result from slabwood. 


180 
160 


SonN 8 
O/ (O29 


TEAR AT T/B=2.5 


QO oc 


2 6 Ke) 14 18 
CHLORINE DEMAND,% 


Fig. 6. Relative strength vs. bleach requirement _ 
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Table IV. Physical Tests for Component Pulps and Blends Including Softwood, Hardwood and Broke 


f Saji Ne. 1 Nol ors : 
Pulp Broke Hdw wood blend blend Mone nee ee ee nae He ee ieee 
ee 100 166 f has aay ae wit 15 15 30 30 50 50 50 
a of high ane . fe “ 25 25 60 20 50 15 35 rer 
Pot aeae fa sh heer WO 60 25 50 20 35 15 50 
tor 10 
TAPP! an 7 105 180 122 131 154 153 134 141 109 141 136 156 
actor 33 29 54 34 39 49 44 35 44 
4 
eo ef . s ei oe oe 48 140 450 370 57 250 io ae % on 
ee “prin é : ; 1.68 74, AM) 2.65 2.50 1.76 2.40 1.63 2.29 1.62 2.44 
age, % 4.6 4.3 ono 3.8 Bin ll Bae Se 0 AA 3 4.1 4 
C.S.f., ml. 255 429 610 489 35° ; ‘s = a 
ena! 535 579 538 487 486 435 417 398 452 
sec. 24 4 6 4 
ee 6 6 6 6 10 8 14 8 i, 
ream 44.4 46.1 41.0 45.3 43. 
Photovolt 5 Ad 3 42.7 44.4 44.4 44.4 44.4 43.6 41.0 
right. 69.5 74.5 76.0 74.0 74.5 ono 76.0 one 74M ee (AY) 72.0 CAA 
Tear /burst Rioters Gu isin. 3.67 S34 2 3. 
Fei uatay. Bay : all OHO ae 3.2 Be 3155 4.2 Bae 


If log fold is included in the strength number as in Fig. 
5, then the correlation is not improved at all, in fact it appears 
to be worse. Owing to this fact and the difficulty of predict- 
ing folds of blends of long and short fibered pulps from the 
values of the component pulps, it was not considered worth- 
while to include fold in the determination of a relative strength 
value. 

Figure 6 illustrates the use of the relative strength value in 
obtaining a visual analysis of the effect of the mildness of 
the cook and the type of bleaching sequence used. This 
graphical illustration shows very conclusively the beneficial 


and measured values, but other data have been included for 
information. The shrinkage test gives the average percentage 
linear shrinkage of handsheets when dried in the air under 
no restraint. 

The calculated values were obtained by multiplying the 
test for each individual pulp by its decimal fraction of the 
total blend, then taking the sum of these products. The 
column marked “% from caled.” refers to the per cent dif- 
ference between measured and calculated based on the cal- 
culated value. “d” is the average percentage difference and 
ois the standard deviation of the percentage difference. 


Table V. Comparison of Calculated and Measured Physical Tests on Blends of Softwood, Hardwoods and Broke Pulps 


Blend no. 1 2 3 4 5) 6 if 8 9 10 d o 
Tear caled. 124 143 161 151 124 144 121 132 117 144 

Tear measured 122 131 154 153 134 141 109 141 136 156 

% from caled. Gee cin 403 el Leek east =99 #6.8° 216.2 “8.3 re 8.3 
Burst caled. 36 42 48 45 36 43 35 40 35 44 

Burst measured 34 39 49 44 35 44 34 40 32 43 

% from calcd. SS RVGh eneogal | ioe ose 39). SED BSG 00. 2816) 2rd, Saar 
Log fold caled. 1.58 2.14 2.65 2.48 1.70 Deol 1.69 DEL 1.73 2.53 

Log fold meas. 1.68 2.15 2.65 Deol 1.76 2.40 1.63 2.29 1.62 2.44 

% from caled. EG ROMEO no OO) PHS. 5) oo S ta eae o8 DASA t= 658 =o: © ea ee 4.1 


In calculating the log fold of each blend, a long-fiber factor 
was multiplied into each product of individual pulp log fold 
times its decimal fraction of the blend, in the case of broke 


effects of chlorine dioxide bleaching on strength retention. 
The excellent correlation between the relative strength 


value, as determined by the tear at the specified ratio of 
tear-to-burst of 2.5, and a function of viscosity gives added 


confidence in the use of either value alone. 


This relation- 


ship makes possible the use of viscosity tests in routine con- 
trol testing of pulping and bleaching whereby a great deal 
of data can be obtained with a minimum of effort, at the 
same time furnishing an idea concerning the relative strength 


changes resulting from changing viscosity value. 


Pulp Blends 


Data appearing in Tables IV, V and VI show the results 
of comparing the measured values for the various physical 
characteristics of a blend of pulps against calculated values 


based on the tests for the individual pulps. 


The first three 


columns in Table IV give the data for the three component 
pulps beaten to approximate a tear-to-burst ratio of 3.5. 
At the time these tests were made it was thought that this 


ratio more nearly approximated mill conditions. 


The ten 


columns marked ‘No.—Blend” give the tests on blends of 


the three pulps in the proportions shown. 


The tests were 


made on standard handsheets prepared from the mixtures. 
Only tear, burst and fold were used for comparing calculated 


and purchased pulp since these contain long fiber. Table 
VI shows the factors used depending on either the percentage 
of long fiber in the broke, or for the purchased pulp based on 
the percentage of long fiber this contributes to the total 
blend. These factors may not be precise for all situations, 
but they do fit these data remarkably well and point out the 
different, proportionate influence long fiber has on the fold 
of a blend compared to short fiber. 

Carrying the idea of calculating strengths of blends a step 
further, Table VII shows the results of predicting the ratio 
of strengths of two paper furnishes (designed to produce the 
same grade) by calculations based on the relative strength 
numbers of the component pulps. In each case the standard 
purchased sulfate pulp (no. 1 long fiber) was replaced in the 
second furnish of the pair by an inferior long-fibered pulp, 
but in greater proportions in order to arrive at the same 
strength in the paper. The first part of the Table shows the 
physical values for the five pulps involved. The next sec- 
tion shows the results obtained in calculating the square root 
of tear times burst for the first two furnishes accompanied 
by the average values obtained for both furnishes from 


Table VI. Long Fiber Content versus Long Fiber Factor Used in Calculating Log Fold of Blends 

pa er eS OR ie ear a a 

Long fiber content 0 10 20 30 40 50 60 70 80 90 100 

Long fiber factor 1.00 1.08 Hea, 1.15 ik Ue 1,16 1.16 1.15 i, 1.08 1.00 
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Table VII. 


Comparison of Calculated and Measured Strengths of Paper Furnishes 


Basic Data on Pulps Used 


Pulp designation 


No. 1 Softwood No. 2 Softwood No. 3 Softwood Broke Hardwood 
A ; B. Mill equip. 

Refined b Mill equip. V.B.* alBy V.B 
Wandshect density, g./ec. 0.509 0.478 0.497 soar tie 
TAPPI tear factor 155 95 127 a Sh 
TAPPI burst factor 59 38 51 Be i 
(Tear X Burst)!/2 95 60 81 bi ae 
Tear/burst AMG De §5) Oe : ; 


Furnish composition and ratio of strength for paired furnishes 


Measd. ratio 


Furnish no. Composition Caled. (T & B)1/2 Measd. (T X B)}/2 Calcd. ratio 
1 24% No. 1 SW 
iA? eProke 60 (82 x 30)!/, = 50 
See ioae ies i gia 
2 42% No. 2 SW o 
14% Broke 54 (73 C27), = 44 
44% HW 
3 32% No. 1 SW 
68% HW 62 (65 X 26)1/2 = 41 
0. 1.00 
4 48% No. 3 SW we 
52% HW 63 (64  26)1/, = 41 
: bau AW saat 83 (102 44)1/, 6 
25 Se aser 
& ees 1.03 1.06 
6 100% No. 3 SW 81 (102 x 39)1/, = 63 f 


* Valley Beater. 


actual measurements on the paper. The amount that the 
actual measured values drop from the calculated values 
depends on several factors, but since the relative strength 
of one furnish against the other is the only value of interest, 
the absolute difference between calculated and measured 
values is only of academic concern. 

The percentage compositions and the type of fiber used 
have been specified for furnishes 3-4 and 5-6. The ratio 
between the strengths of each pair of furnishes were in- 
cluded for both calculated and measured values. The re- 
markable similarity of the relative strength ratios obtained 
by calculation and measurement indicates that the relative 
strength number can be used successfully to predict the 
substitution ratio of one pulp for another, to produce paper 
of the same strength. This applies to the combination of 
tear and burst; but fold is more difficult owing to previ- 
ously shown differences between the influence of short and 
long fibered pulps in blends. 


CONCLUSIONS 


Two thousand five hundred grams was found to be theo- 
retically the most efficient bedplate weight for use with the 
laboratory beater for tear and burst development at a point 
of fiber preparation considered equivalent to mill conditions 
for making book papers. The analysis of hardwood soda 
pulps and purchased bleached sulfate coniferous pulps using 
this weight on the bedplate gave results which correlated well 
with mill pre-refining equipment at maximum practical pre- 
refining. 

For making plain and coated grades for book publishing, 
overall mill refining accomplishes the development of tear 
and burst in long fibered pulps to a point where the ratio 
is approximately 2.5 and for hardwood soda pulps the ratio 
is approximately 2.2. 

A relative strength number was defined as the tear factor 
at the point of refining where the ratios stated in the pre- 
ceding paragraph were met. The relative strength numbers 
for various experimental pulps, pulped and bleached in 
essentially the same manner from the same wood source, were 
plotted against a function of the corresponding cupriethylene 
viscosity values, The excellence of the resulting correlation 
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attests to the validity of both methods for expressing pulp 
strength. By the use of log log viscosity a linear rela- 
tionship with strength resulted, suitable for use in deter- 
mining relative strength in routine control testing by use 
of viscosity tests. The viscosity test used was a simplified 
procedure based on TAPPI Standard T-230 and gave results 
relative to the standard method but not equal. 

It has been shown that for pulps given the stock treatment 
as specified, the tear or burst of a blend may be accurately 
calculated by taking a weighted average of the tear or burst 
values for the individual component pulps. For calculating 
the log fold of a blend, long fibered pulps contribute to more 
log fold in the blend than the proportion and the log fold 
value of the individual long fibered pulp would indicate. 
The same calculations may be applied to two furnishes de- 
signed to produce the same grade of paper, when one long 
fibered pulp is substituted for another; and the ratio of the 
calculated strength based on a combination of tear and burst 
for the two furnishes will very closely approximate the ratio 
of actual measured strength of the paper. 
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Organized Lubrication—A Case Study 
J. A. BOX, JR. 


As a background to the organization of our lubrication 
department, may I first tell you something of the physical 
location of the various parts of our plant (Fig. 1). 

There are a total of seven paper machines in the plant. 
Four machines are located in the area designated as the board 
mill, and the remaining three are in the sulfate mill. Three of 
the machines in the board mill are cylinder types with plain 
drier bearings and of these three, two are lubricated with a 
Lincoln Centromatic oil system, and the third machine is 
brick-grease lubricated. The remaining machine in the 
board mill is a fourdrinier type with antifriction drier bearings 
lubricated by means of a Bowser circulating oil system. 


J. A. Box, Lubrication Engineer, Crown Zellerbach Corp., Bogalusa Divi- 
sion, Bogalusa, La. 


In the sulfate mill, all three of the machines are fourdriniers. 
One machine is equipped with babbitt drier bearings and a 
Bowser circulating oil system, one with brass bushing drier 
bearings lubricated by means of a Lincoln Centromatic 
system, and the third with antifriction drier bearings lubri- 
cated with a Bowser system. 

The wood yard, wood chipping and screening, digesters, 
evaporators, washing and screening make up another area of 
the mill, while still another is composed of the recovery 
boilers, lime kilns, slakers, and associated equipment. The 
bleach plant is stil] another separate area, as is the by-products 
department which includes the asphalt laminating machine, 
color machine, and reverse roll coater. 

This, then, is the entire mill. Figure 2 shows the engincer- 
ing department organization. Of interest here is the point 
that the lubrication engineer’s position is one of staff rather 
than line. He reports to the assistant plant engineer and has 


no men directly under him. The mechanical department 
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General plan of mill 
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PLANT ENGINEER 
ASSISTANT PLANT ENGINEER 


CHIEF DESIGN AND LUBRICATION ENGINEER 
PROJECT ENGINEER 
ASSISTANT CHIEF 
DESIGN & PROJECT ENG. 


ENGINEERS 


YARD SUPERINTENDENT AREA SUPERVISORS | ster reounic | 
TECHNICAL ASSISTANT 
ASST. MASTER MECHANIC PIPEFITTER FOREMAN ELECTRICIAN 


SUPT. OF MAINTENANCE 


ASST. SUPT. OF MAINT. 


POWER HOUSE 
SUPER INTENDENT 
ASSISTANT POWER HOUSE 
SUPER INTENDENT 
SHIFT ENGINEERS 
CHIEF ELECTRICIAN 


TECHNICAL ASST. 
2ND ASST.MASTER MECH. PIPEFITTER FOREMAN 


INSTRUMENT FOREMAN MACHINE SHOP FOREMEN CARPENTER SHOP FOREMAN 


TECHN ICAL 
INSTRUMENT ASSISTANT 


Fig. 2. Organization chart of engineering department 


has several branches reporting to the superintendent of 
maintenance. However, the one of importance as far as the 
scope of this paper is concerned is that of the area supervisors. 
These men are in charge of operating maintenance personnel 
which includes millwrights and oilers (Fig. 3). From this 
standpoint the mill is divided into three areas, namely, the 
pulp mill, board mill, and sulfate mill with an area supervisor 
in each location. 

As you will note there is a total of 29 oilers used throughout 
the plant on all the shifts. And as previously stated, these 
men report directly to the area mechanical supervisor in their 
respective departments. There is some overlapping of duties 
between the area supervisors and the lubrication engineer 
with respect to personnel and equipment. However, in our 
plant the lubrication engineer is used chiefly to initiate and 
supervise the lubrication program on a plant-wide basis. He 
collaborates with the area supervisor and with lubrication 
personnel to see that the lubrication program is being carried 
out effectively. On special occasions, such as shutdowns, 
he assists the area supervisors by directly supervising the 


DISTRIBUTION OF OILERS 
PULP MILL AREA SUPERVISOR 


WOOD MILL 4 OILERS 

RECOVERY DEPARTMENT 4h 
BOARD MILL AREA SUPERVISOR 

NO. | & 3 MACHINES 4 OILERS 


NO, 2 & 4 r - 4 by 


BLEACH PLANT 1 OILER 
SULPHATE MILL AREA SUPERVISOR 

NO, 5 & 6 MACHINES 4 OILERS 

NO. 7 MACHINE =44 4 
BY-PRODUCTS DEPARTMENT 

ASPHALT LAMINATING MACHINE - 4 OILERS 


TOTAL -29 % 


Fig. 3. Distribution of oilers 
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work of the lubrication personnel. This frees the supervisor 
of this responsibility and gives him more time to devote to 
other necessary mechanical work. Although it may appear 
that this overlapping of supervision could cause some friction, 
in our case this has not proved to be so and the plan has 
worked quite smoothly. 

The area supervisor and lubrication engineer collaborate on 
work schedules for the oilers during plant or departmental 
shutdowns. During this time work is performed that gener- 


-— 


OILER'S WORK LIST, NO. 5 & NO. 6 MACHINES 
DECEMBER 26 28 & 


CHANGE FILTER BAGS, 5 MACHINE OIL SYSTEM, 


2, RENEW ALL OIL WICKS, FRONT AND BACK SIDE, #6 MACHINE, 
3, CHANGE OIL IN DRIER SECTION GEAR DRIVES, #6 MACHINE, 
h. CHANGE OIL IN WIRE COUCH DRIVE, #6 MACHINE, 

D. DRAIN AND REFILL BELOIT DRIER BEARINGS, #6 MACHINE, 
6. GREASE LINESHAFT BEARINGS, #6 MACHINE. 

te GREASE CLUTCHES, #6 MACHINE, 

8, GREASE AND OIL COUPLINGS, #5 AND #6 MACHINES. 

9. GREASE AND OIL FELT CONDITIONERS, #5 AND #6 MACHINES. 
10, CLEAN BOTTOM CALENDER ROLL BEARING, #6, 

Ne GREASE AND O/L REWINOERS, #5 ANO #6 MACHINES, 

12, GREASE AND OIL ROPE SHEAVES, #5 AND #6 MACHINES. 

es GREASE ANO OIL INTERLOCK SYSTEM, #5 MACHINE. 

1h. GREASE AND OIL CRANES, #5 AND #6 MACHINES. 

15, GREASE AND OIL NEW PARTS INSTALLED ON THIS SHUTOOWN. 
JABJR/ JAS 

12/ 16/58 

Fig. 4. Typical work list 
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ally cannot be done at any other time (Fig. 4). This includes of lubricants used, to standardize the lubricants used by 


such work as oil changes in large gear drives, lubrication of departments, and to obtain an accurate picture of the lubrica- 
conveyor rolls, and maintenance on the large Bowser oil tion practices which existed at the time. Upon completion 
reservoirs. The items on the work list are checked off when of the survey, lubrication charts were prepared for posting 
they are completed and at the conclusion of the entire job the in the various oil houses throughout the plant. These charts 
list is turned in to the lubrication engineer for filing. showed the oilers what lubricants should be used in his 
in addition to the departmental shutdown work lists, the equipment. In some instances the charts are an integral part 
oiler’s work is scheduled for his regular or routine jobs. of his work schedule while in others it is separate. The 
Drawings of these operations will show that in some locations issuance of the charts and the work schedules does not neces- 
the scheduling is by specific areas rather than by individual sarily guarantee that they will be followed, so periodic checks 
pieces of equipment. This is done in an effort to keep the are made by the lubrication engineer and area supervisor to 
schedule as simple and straightforward as possible and thus to see that this is being done. This is particularly true in seeing 
eliminate the necessity for the oiler to read a lengthy book in that he follows without variation the chart for choice of 
order to determine his work for the day. Figure 5 shows a lubricants. When new lubricants are evaluated and are 
typical work list based primarily upon the listing of specific chosen to replace older types, the change is not made without 
equipment. As will be noted the major portion of the equip- first explaining to the oiler why it is being done. It is felt 
ment to be oiled is scheduled for the morning shift, whereas that this helps to improve his morale and make him realize 
the work on the afternoon shift is devoted to equipment to be that his job is one of importance. 
greased. Figure 6 shows a typical work schedule based Fortunately, our oil supplier is located near the mill which 
primarily on areas. Here, too, the oiling is done on the eliminates the necessity of our keeping a large number of 
morning shift and the greasing is done on the afternoon shift. drums of oil in storage. In an emergency a drum of oil can 
The oiler on the midnight shift in both areas is used for be delivered from the bulk plant in less than a half hour. 
routine oiling and inspection. However, there is a central oil house which is operated by our 
The lubrication needs of the plant originally were deter- purchasing and supply department. At this oil house there 
mined by a survey which was made jointly by a lubrication are located four 4000/gal. storage tanks. To obtain the best 
engineer from our lubricant supplier and by the plant lubrica- possible price, the oils which are used in large quantities are 
tion engineer. Necessarily, this survey is quite lengthy and bought in compartmented tank-car lots and stored here. 
is changed periodically as new equipment is added and old Daily requisitions for oil are filled by the supply department 
equipment removed. It was made to minimize the number by two means, (1) by filling drums from the storage tanks, or 


WORK SCHEDULE FOR wood ROOM OILERS 


MORNING SHIFT: AFTERNOON SHIFT: MIONIGHT SHIFT: 


CHECK AND ADD O1L AS NEEDED IN THE FOLLOWING? GREASE EQUIPMENT AS FOLLOWS? RouTINE OILING AS FOLLOWS: 
SATURDAY: (1) Air compressors (one at Wooo Room, one at New Brown Tuursoay: (1) #1, 2, 3, & 4 Snaker SCREENS WHILE Tuesoay: (1) CHECK AIR COMPRESSORS 
Stock WASHER ROOM, OWE AT ConTinvous DicesTER). KNIVES ARE BEING CHANGED ON CHIPPERS. ) Fite oRip CUP ON RECHIPPER SHAKER SCREEN. 
(2 FILL ORIP CUP ON RECHIPPER SHAKER SCREEN. (2) Wood CHAINS AND CHAIM ORIVES. (3) Equipment at WET Room. 
(3) ALL EQUIPMENT IN NEW WASHER ROOM. (3) Sawoust BELT ORIVE ON NEW AND OLO (4) EQuipMENT DOWNSTAIRS AT #2 ano FS OlrFUSER 
(4) FLAT SCREENS, DEKNOTTERS ANO OLIVERS AT WET Room. BARKING DRUMS. Roons. 
(5) Fate ortp curs on oLo Brown STOCK WASHERS. (4) Equipment im Wooo Room CELLAR. (S) Ov serays on CHAINS AT Wooo Room. 
(6) Pump BEARINGS UNCER #3 DIFFUSER Room. (5) Conveyors at Continuous DIcesTERS. (6) CHECK O1L LEVEL ON BEARINGS ON NEW WASHERS 
(7) ELEVATOR CHAIN TO NEW CHIP STORAGE ROOM. (6) CHECK AIR COMPRESSORS. AND LINDBLAD SCREENS. 
(8) GREASE RECHIPPER BEARINGS. (7) Fict oRte CUP ON RECHIPPER SHAKER SCREEN. 
(9) Grease BARKING DRUMS FROM 2 TO 3 P.M, Weonesoay: (1) 
(10) Grease DEKNOTTER BEARINGS AT NEW Washer ROOM. Frioay: (1) Brown Stock WASHER PUMPS (unoER NEW SAME AS ABOVE 
(11) Limwoscao Screen Bearines. Oreruser Room). (6) 
(12) Bauer Reriners. (2) Equirement at New CHie Bins 
(13) Crarcin REFINERS. (3) Equiement at Oro CuHip Bins Twursoay: (1) 
(14) Pressariner Gear ORIVES. (4) Same as (6) asove. SAME AS ABOVE 
(15) Discnarce VaLve O1L SYSTEM. (5) Same as (7) asove. (6) 
(16) Pumps at Continuous DIGESTER. 
(17) Screw Feeoer BEARINGS. Saturoay: (1) ALL Pumps IN EvaporaToR ROOM. Frioay: (1) 
(18) Vacuum pumps UNDER Brown STOCK WASHERS. (2) Pumps unver #2 Dirruser Room. SAME AS ABOVE 
(19) Pumps unoer #2 DirruserR Room. (3) Same as (6) on THuRSOAY. (6) 
(20) Reouction GEARS ON MALONE FILTERS. (4) Same as (7) on THURSOAY. 
Saturoay: (1) 
SUNDAY? (1) Sumpayt (1) Equipment at WeT ROOM — UPSTAIRS, MAIN SAME AS ABOVE 
SAME AS ABOVE FLOOR AND CELLAR+ (6) 
(19) (2) Save=acu pumps. 
(20) Reouction GEARS IN WET ROOM CELLAR. (3) Same as (6) on THURSDAY. SUNDAY: (1) 
(21) Cwain orives on +I ANO #2 Dirruser Stock CHESTS. (4) Same as (7) on THURSDAY. SAME AS ABOVE 
(22) TRUNNION BEARINGS ON OLD Brown STOCK WASHERS. (6) 
Monoay: (1) ALL EQUIPMENT AT OLO WASHERS ANO #2 
Mondays (1) Oirruser Roon. Monoay: = (1) 
SAME AS ABOVE (2) Saw Mice Equipment. SAME AS ABOVE 
(17) (3) Same as (6) THursoay. (6) 
(18) CHAIN AND REDUCTION GEARS AT BOTH CHIP BINS+ (4) Same as (7) Twursoay. 
(19) Reouction GEARS UNDER BROWN Stock Blow TANKS. 
(20) ReoucTion GEARS ON MALONE FILTERS. Tuesoay: (1) Same as (1) on THursoay 
(2) Same as (1) on Frivay 
Tuesday? (1) (3) Same as (6) on THURSDAY 
SAME AS ABOVE (4) Same as (7) on THursoay 
(17) 
(18) Drip PANS, BEARINGS AND REOUCTION GEAR, weowesoay: (1) New WASHER Room EquipMENT AND ImeCo 
44 Barkinc Drum. Screens — UPSTAIRS ANO DOWN 
(19) ReoucTION GEARS AND CHAINS unoer #1, 2, 3&4 
Barking DRUMS. (2) Equipment at No. 3 DIFFUSER Room. 
(20) OL LEVEL IN TANK FOR HYORAULIC VALVES AT NEW 
Dicester Room. (3) Same as (6) on THURSDAY. 
Weonesoay: « (1) (4) Same as (7) on THURSDAY. 
Same AS ABOVE 
(17) 
(18) REOUCTION GEARS AND CHAINS AT Saw MILL. 
19) Wood BUCKET AND REDUCTION GEARS ON PoH. 
a) REDUCTION GEARS ON CHAINS, tl ANO 2 BARKING DRUMS+ - LUBRICANTS TO USE - 
(21) Pour GEAR GREASE ON ALL OPEN GEAR ORIVES+ 
TauaeokveT aaeuey AIR COMPRESSORS - HARMONY 53 
’ SAME AS ABOVE WASHER GEAR DRIVES AND i 
(17) BEARINGS - SENATE 158F 
(18) ReoucTion GEARS ON #1, 2, 3 & 4 Barxinc Drums. CHIPPER BEARINGS - Sela! 
(19) Guroe rove BEARING, #3 Barkinc DRUM. LINDBLAD SCREENS - A 6 
PRESSAF INERS - OVESELUBE HD50 
(20) REoUCTION“GEAR ANO CHAIN OVER AND unoer #3 CHIPPER. ‘: a epONYiES 
(21) ReoucTion GEAR AND CHAIN TO #3, 4 & 5 SHAKER SCREENS. aa RC he - Stee 
(22) ReoucTion GEARS ON MALONE FILTERS. ; - si 
(23) TRUNNION BEARINGS ON OLO Brown STOCK WASHERS. OER ARG? GEARS . eae ie 


OPEN GEARS LUBCOTE #3 
FRIDAY: (1) 


SAME AS ABOVE 


(18) Reouction GEAR OM #3 SHAKER SCREEM. 

(19) CHAINS ON STOCK CHEST AGITATOR, #1 ano 2 Oirrusers. 
(20) Orie cup on #5 DirFUsER. 

(21) ReoucTION GEAR AND CHAINS AT STOCK STORAGE+ 
REDUCTION GEAR ANO CHAINS IN WOOD ROOM CELLAR. 


im Fig. 5. Work schedule for wood room oilers 
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WORK SCHEDULE 


UE ME SS KUL NS Osta EGRESS 


MORNING SHIFT: AFTERNOON SHIFT: MIONIGHT SHIFT: 
CHECK AND ADD OIL AS NEEDED IN THE FOLLOWING: CHECK OIL AND ADD AS WEEDEO IN THE FIRST Cueck, 00 O1L AND CREASE IN FOLLOWING EQUIPMENT 
THREE ITEMS AND GREASE THE OTHERS? AS NEEDED: Haig ties rs arent 
Saturoay: (1) AIR COMPRESSORS, CRANKCASE AND LUBRICATOR. THursoay: (1) AIR COMPRESSORS, CRAMKCASE AND LUBRICATOR. Tuesoay: (1) AVE onnness0 pip) SHAN unas we . 
2) Stacker, HOT CHAINS, MUO FILTERS. (2) StaKer, HOT CHAINS, MUD FILTERS. a BuAKe 7 nee Ge ppb 
Fan. . . 
(3) No. 4 Lime Kitw Faw. (3) No, 4 Lime Kien Hee a aet e Aenaee 
D FLOOR oF Recovery Room (4) Pack Bearincs ow I, 
(4) Act Equipment in Recovery Room. ee: ae EQuipMENT ON GROUND FL ° ea gua aa gates 
Suwoay: (1) (2) Same as Items |, 2, 3 asove “) 
(2) Same as Items |, 2, 3 aBove> (3) WEDNESDAY: Ms 
(3) (4) Equipment on FLOORS ABOVE GROUND OF REC. Rm. (3) ie es 
(4) ALt EQuIPMENT ON GROUND FLOOR OF LIME KILN. aay 
Saruroay: (1) } 
Monpay: (1) (2) Same as ITems |, 2, 3 asove (5 
Same as Items |, 2, 3 apove (3) 
(3) iy at (4) SALT CAKE TANKS =~ UPSTAIRS AND DOWN THURSDAY: (1) 
(4) Atrvevors * 
(5) Lime evevators (2) Sunoay: (1) ae SAME AS ABOY 
(6) Vierators on PRECIPITATORS nt Same as Items |, 2, 3 asove (s) 
3 
Tuesoay: (1) (4) HoT CHAIM AMD EQUIPMENT AT ENO OF No. 4 Kitwe ey 
(2) Same as Irems |, 2, 3 asove ih Frioay: oS 
(3) Monoays 
(4) ALL EQuIPMENT ABOVE GROUND FLOOR OF LIME KILN. a Same as |rems |, 2, 3 asove a SAME AS ABOVE 
3 
Weowesoay: (1) (4) Spray pumps tm Recovery Room. (5) 
(2) Same as Items |, 2, 3 asove (5) Equipment ow crouno FLOOR oF Lime KiLW. 
(3) SaTuroay: bh 
fd 
(4) Vierarors on PRECIPITATORS Tuesoay: (1) 
(5) EQuieMeNT ON TOP OF SALT CAKE TANKS i Same as Irems |, 2, 3 asove is SAME AS ABOVE 
(3 
Tuursoay: (1) (4) Equiement at Fitter House. (5) 
(2) Same as Items |, 2, 3 asove 
(3) Weowesoay: (1) Sunoay: he 
(4) Sact Cane Feevers (2) Same as Items |, 2, 3 asove 
(5) Savy Caxe Mixince Tank (3) ee SAME AS ABOVE 
(6) Savy Cake Evevators (4) CLARiFiEeRs 
(5) Wash Tawxs (5) 
Frioay: (1) (6) Atrvevors 
(2) Same as Items 1, 2, 3 asove (7) Rock Conveyor Monoay: iv 
(3) 
(4) Visrators on PRECIPITATORS (3) SAME AS ABOVE 


(5) CuaRieters (2) 1m Lime Kiuw 


Fig. 6. 


(2) by ordering from the bulk plant those oils which are not 
kept at the central oil house. Greases are generally bought 
by the purchasing department in 400-Ib. drums. As requisi- 
tions are filled the grease is transferred into 120-lb. drums for 
delivery to the plant. The services of two supply department 
men are required about 2 hours per day, with the exception of 
Saturday and Sunday, in filling the oil, grease and kerosene 
orders. Oil and grease deliveries are made once each week 
day to the oil houses located in each of the areas previously 
mentioned. The requisitions are originated generally by area 
supervisors, assistant area supervisors, or the lubrication 
engineer. However, they can be signed by any of the other 
foremen (Fig. 7). 

Brand names are used on the requisitions and drums as 
delivered to the area oil houses. The supply department 
records the serequisitions daily on an Oil & Grease Report form 
(Fig. 8). In this manner the charge for the material is made 
against the proper department. At the end of the month a 
tabulation is made of the charges and the resulting figures 
are compiled and distributed in a Lubricant Report. As 
shown in Fig. 9 this report shows the cost per department and 
cost per ton of production. 

In addition, still another cost report is made up by breaking 
down the departmental charges even further and comparing 
these results with the charges of 1 year ago and 5 years ago 
(Fig. 10). 

Thus from the three reports it is quite easy to ascertain 
daily, weekly, or monthly the type of lubricant purchased, the 
amount used, and the cost. Lubricant waste or the purchase 
of the wrong type of lubricant can also be detected from these 
reports and efficient control can be maintained by use of them. 


acct. no. 804 - 4|- oO. 


DATE 


stock iors ar : 
REQUISITION __G.B. No. W. ©, NO. —__ INE ES) ey) 
_QUANTITY | SUS DE SicRienOINT y ; ; STOCK NUMBER |] PRICE 
eS ee i E Mi (nes 
D__| Daums Paper Macume On X-3307_ : 141/90 
— = 4 = = = = = 
If = 2 ae ey | : 
1 
Soa —* eee 3, = = See) = 
= = es x Mt iS 
- - a ——— — — _— 
ORIGINATED BY RR. Neeheha _ 
RECEIVED BY _ = ISSUED BY _H. she ae TOTAL 14) 


Fig. 7. Typical requisition 
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Work schedule for lime kiln oilers 


Some of the equipment in our plant is of old design which 
had poor provisions for lubrication. One of the most reward- 
ing fields for a lubrication engineer is in improving the method 
of lubricant application on machines such as these. In our 
case this has been done with a gratifying reduction in the 
number of bearing and gear losses in some instances. 

For example, machine no. 1 is an old cylinder machine with 
open gears and plain drier bearings. Previous to the installa- 
tion of the Centromatic system the back bearings were hand- 
oiled when the machine was down for a felt change. They 
could not be re-lubricated until the machine went down again; 
this period might be as long as 20 days. This feast-and- 
famine lubrication led to many drier bearing and gear losses. 
For the period November, 1952, to November, 1956, when the 
central system was put into service, there was an average of 
90 replacements per year (Fig. 11); at a cost of $40.39 per 
bearing brass the yearly cost was $3635.10. In addition, 
there was an average of 7.5 gear replacements per year at a 
cost of $335 per gear for a yearly cost of $2512.50, and a total 
cost of $6147.60 excluding installation costs or possible pro- 
duction losses. There has been an average of 5.5 bearing and 
1.4 gear replacements per year since 1956 for an average cost 
per year of $933.38. This represents a saving in parts cost 
alone of $5214.12 annually. 


GAYLORD CONTAINER CORPORATION 


eee bead : OIL AND GREASE REPORT ia z 
|3 3 Jsjal3} |, ees aitel | | 
= ral? 3|% <|y}e/=/3) <<a]. Uuls I qa 5 ame. 
APB LEBEL PERS eee ese 
ASE 3 t Ss at m { is i 39/60 
rt 2oeneeeSeese eae ae ae 
4-29 is an aa iat 127|20 
ii f mal J a! 5 


Fig. 8. Oil and Grease Report 
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GAYLORD CONTAINER CORPORATION 
DIVISION OF CROWN ZELLERBACH CORPORATION 
MILL DIVISION 
BOGALUSA, LOUISIANA 


MR. OH, J. FOIL 
(LUBRICATION REPORT FOR THE MONTH OF MAY 1959. 


DEPARTMENT TONNAGE 


AMOUNT COST PER TON 
SULPHATE PULP MILL 30713 $ 1315.95 0428 
NO, | MACHINE L222 541.30 . 1282 
NO, 2 MACHINE 23L6 72.20 .0307 
NO. 3 MACHINE thy 56.30 0492 
NO, l) MACHINE 5216 362.90 0696 
NO, 5 MACHINE 25l7 378.6, - 186 
NO. 6 MACHINE 3164, 6214. 05 1972 
NO. 7 MACHINE 11908 455.30 0305 
LAMINATING MACHINE 72h 13.20 0596 
POWER HOUSE 64984 125.95 0019 
MISCELLANEOUS 6498) 783.78 20120 
TOTAL 64984, $4,759.57 0732 


Fig. 9. Monthly lubrication report 


In another instance our asphalt laminating machine was 
originally equipped with plain bearings which were inade- 
quately sealed. Hot asphalt entered the bearing, plugged 
up the oil grooves and drains, and forced out the oil. The 
brass bearings were replaced on an average of once per month 
and this was a time-consuming job, for the machine had to be 
practically dismantled to remove the bottom rolls to get to 
the bearings. In addition to excessive maintenance cost, the 
oil costs ran as high as $800 per month. After the housings 
were redesigned for the installation of antifriction bearings 
and adequate seals, the oil cost decreased to $50 per month 
and the repair shutdowns are now scheduled annually. This 
improvement was done at a cost of $1759. 

The antifriction drier bearings on our paper machines so 
equipped are inspected annually and it is felt that this pre- 
ventive maintenance has resulted in worthwhile savings. 
The lubrication engineer maintains a permanent record of 
drier bearing inspections and changes made. These reports 
show at a glance the changes which have been made and 
indicate trouble spots when they exist. Fig. 12 is an illus- 
tration of a typical page of this report. 

An important adjunct to the life of a bearing is, of course, 
the condition of the oil used on it. In the Bowser circulating 
system a sample is periodically removed for complete examina- 
tion by our oil supplier. Less complicated oil analyses, such 
as acid number, viscosity, and water are made in our labora- 
tory on samples from other smaller systems throughout the 
mill. These include turbine oils, diesel engine crankcase 
oils, and certain gear-case oils. In addition, film strength 
tests are run on some of the extreme pressure oils. Examina- 
tion of results of these tests and comparison with the char- 
acteristics of similar new oil determine whether continued use 
is indicated or whether reconditioning or replacement is 
necessary. 


r- 


ATTRITION MILL | 116.80 39.64 79.20] 79.20 x 
TRITION MILL 18.80 | 6479-20 _ | 


| waste paren -- -- 19.04 ian 


LUBRICANT COST REPORT 
To! 8.8, PIERCE MAY, 1959 
DEP'T. JAN il FEB. mar. | apriL| MAY | June | aver | AUG. SEPT. oct. | NOV [ vec erred ee 
wooo MILL [239.40 sila ae $164.20] $298.20] | . mee __ [0536.85 4251 2 
SEMI- CHEM. = = = se [SS | 4 Es \ 
CONTINUOUS eal 15.0 a oe eas 75] _ 75.35] } 
recovery Room | 206,50] 200,44 39.60 161.59 118,90 | | 
evap.a svaxer | 121.30{ 1Ubd =~ -- 2e. 80 ; be 
WASHERS 6 SCRS| 239.00] 379. ieee 266.85 | W970} 5 
F LIME KILN 101,50 17.9% 182 oo| 216 Lo m 4) 
| 


No. | MACH. | 306,50] 315.10] 392,60 | L21.90) 92.90 


NO. 2 MACH 152.90] 300,90| 262.70 | 501.20) 72.20 { 


[wos Macn 137.60| 62.40] 120.60 38,60| 56.30 | 
& NO eel 4.70) 1h2.80| 205.70 | _ 332. 70| 362 90 a : 24 | 
No.5 MACH 112.50| 170.8h| 392.40 | 997-00] 378.64] =| ee 
NO 6MACH. o2.68| 651.70] 534.65 Saal 624.05] < ata} 
NO 7 MACH 237.20| 607 so| 663 0 | 470,61) 455.30] Ibe | oh oe 
| Thee L 7:10] 65.20] 65.65 | 103.60] 43.20) | | i c 
power House | 223.50] 9.00) 182.60 241.95] 125-95 ES eee 
GARAGE 8 YARO | 370.29| 563.60| 666.12| 555.57] Le 3] Pad Ms 
Trav 8 car sHor| 169.0] 2,20] 119.20] 337.25] 321.75 | is Me 
] iSeSRCanPLAN IE ER AS ea Niele Ae = 4 
Pi ae nun | cst lead = fo | bere | ash th 
TOTAL 3,090.57 | 3,843.5) 1605.94 U6 [1759.57 PALE as é $19,895.72 51) 
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Fig. 10. Lubricant cost report 
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NO.| MACHINE BEARING AND GEAR COSTS 


COST FOR PERIOD NOVEMBER, 1952 TO NOVEMBER, 1956 
360 BEARING BRASSES at $ 40.39 = $14,540.40 
30 DRIER GEARS at 335.00 = 10,050.00 


TOTAL $24,590.40 | 
$24,590.40 + 4 YEARS = $6,197.50 YEARLY COST 


COST FOR PERIOD NOVEMBER,1956 TO JULY, 1959 


20 BEARING BRASSES ct $ 40.39 = § 807.80 
5 DRIER GEARS at 335.00 = 1,675.00 


TOTAL _ $2,482.80 
$2,482.80 + 2.66 YEARS = $933.38 YEARLY COST 


$6,147.50 - 933.38 = $5,214.12 SAVINGS PER YEAR 


Fig. 11. No. 1 machine bearing and gear costs 


Not the least important in a lubrication program is the 
training of the men to whom the work is actually entrusted. 
The line of promotion in our mechanical department is: 
millwright helper, to oiler, to millwright. In this manner 
the man has gained considerably mechanical knowledge 
before he becomes an oiler. However, the training he receives 
before becoming an oiler is gained chiefly by on-the-job train- 
ing under the guidance of an experienced man. Since we do 
not have a training department in our plant this is perhaps 
the best means of preparing the man for this job. In addi- 
tion, the lubrication engineer is available to individual oilers 
to answer questions that may arise and explain any changes 
to be made. 
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Fig. 12. Chart of bearing changes, no. 7 machine 


In brief, a good lubrication program depends upon good 
housekeeping, the provision of good lubricants, adequate work 
schedules, and supervision to see that the work is accomplished 
as planned. 


Recervep Oct. 30, 1959. Presented at the 14th Engineering Conference of 
the Technical Association of the Pulp and Paper Industry, held in Pitts- 
burgh, Pa., Oct. 12-15, 1959. 
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Microparticle Size Vinyl Acetate Copolymer 
Emulsions as Economical Low Odor Clay 
Coating Binders 
NORMAN G. TOMPKINS 


VinyL acetate polymer and internally plasticized co- 
polymer emulsions have probably been suggested and tried as 
paper coating binders for as long as they have been available 
commercially, and possibly before. The reason is seen in 
some of their characteristic properties which fit remarkably 
well with the many and complex requirements which a latex 
for this use is required to meet. The strong tendency of 
polyvinyl acetate type materials to adhere to a great variety 
of surfaces including especially cellulosic materials such as 
wood and paper products is well known. It has been applied 
extensively in wood glues and packaging adhesives as well as 
in certain types of paint. Typical vinyl acetate resins are 
water white in color and remarkably color stable. They 
would thus not detract from brightness of the coated sheet in 
either fresh or aged coated stock. The basic pigment binding 
ability of these emulsions as well as their water resistance is 
demonstrated by their wide use in exterior and interior paints. 
Their low odor characteristics have been recognized and 
applied for many years. We find the homopolymers used in 
chewing gum and in many specialty greaseproof coatings used 
in food packaging. Their flexibility and degree of hardness 
can easily be varied; in the homopolymers, by the use of 
plasticizers, and in the copolymers, by the nature and amount 
of comonomer. With copolymer emulsions particularly, de- 
gree of hardness is constant with time and there is no tendency 
for films to become brittle. Also, all of these resins are 
saturated in the chemical sense and do not harden and em- 
brittle through oxidation or oxygen catalyzed polymeriza- 
tion. The emulsions are stable mechanically and well suited 
to use in high speed coating equipment where the colors are 
often subjected to very high rates of shear. They do not 
have excessive foaming tendencies which would be a disadvan- 
tage in much papercoating work. Their effect on other paper- 
coating properties, ease of calendering, ink receptivity, gloss 
ink holdout, drying speed, etc., is harder to predict but there 
seems to be little reason to believe they would behave un- 
satisfactorily in these respects. In addition, there is the fact 
that polyvinyl acetate and vinyl acetate copolymers are 
economical, low cost materials in the same price range as the 
butadiene-styrene latices so widely used today in this applica- 
tion and considerably less costly than the acrylic ester latices 
which are used extensively in coatings for food packaging 
stocks. 

Yet, at the present time, when very large amounts of 
polymer dispersions are being used in paper coating, and 
while the trend is toward the use of still greater quantities, 
very, very little vinyl acetate polymer or copolymer is used in 
this way. The reason for this seems to be, not in the in- 
herent properties of the resin which are nearly ideal for the 
purpose, but in the fact that the forms in which these resins 
have so far been available have been ill suited to this applica- 
tion. One of the main factors has certainly been particle size 
of the dispersions. The butadiene-styrene and polyacrylic 
ester dispersions which are presently used extensively in 
papercoating have particles in the one-tenth micron range. 
Most of the polyvinyl acetate materials available until re- 
cently have been manufactured using a protective colloid type 
emulsifying system giving a minimum particle size of around 
0.5 » ranging up to as much as 5u. Since particle size is one of 
the most important factors in determining the pigment 
binding power of a latex, it is not surprising to find that most 
attempts to use these emulsions in paper coatings resulted 


Norman G. Tompkins, Research Department, Organic Chemicals Division, 
Dewey and Almy Chemical Division, W. R. Grace & Co., Cambridge, Mass. 
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Table I 


Pounds 
Clay : 75 
Calcium carbonate 25 
Tetrasodium pyrophosphate 0.2 
25% Starch solution 46.8 
Water 15.6 
55% Vinyl acetate copolymer latex 11.4 

174.0 


either in inferior coatings having poor pick resistance or in 
higher cost because of the greater quantities of binder neces= | 
In addition to the cost, of | 


sary to give good printing quality. é 
course, increased binder ratios detract from brightness, 
opacity, and gloss. 


MICROPARTICLE SIZE EMULSIONS 


Recent technical developments have, however, made 
available polyvinyl acetate and vinyl acetate copolymers in 
the form of emulsions having particles in 0.1- to 0.2-u range. 
In these, seemingly, we have the excellent inherent properties 
of the vinyl acetate polymer or copolymer resin combined 
with the advantages of an emulsion in the same particle size 
range as the currently used butadiene-styrene or acrylate 
ester emulsions. Neither of the latter types of latex is ideal 
for papercoating. The acrylate ester emulsions give excel- 
lent performance but are undesirably high in cost. On the 
other hand, the butadiene-styrene latices have disadvantages 
with regard to odor, tendency to yellow and embrittle with 
age and a time lag which may amount to several weeks be- 
tween coating and attainment of best printing properties. 
Therefore, it seems wise to consider vinyl acetate polymers 
and copolymers once more in the light of these new develop- 
ments to determine to what extent previous objections have 
been overcome and whether the excellent characteristics of 
this class of resins can now be effectively applied in the paper- 
coating field. 


STARCH-LATEX BOUND COATINGS 


During the summer of 1958 several coating runs were made 
using microparticle size, vinyl acetate copolymer latices in 
starch-latex bound coatings. The coatings were applied on 
40 lb. basis weight stock using a print roll coater at speeds of 
225 to 600 f.p.m. The basic formula for the colors used is 
given in Table I. 

The binder level on this formula is 18 lb. per 100 lb. of pig- 
ment, the total solids content is 68% and latex solids com- 
prises 35% of the total binder, probably a rather high propor- 
tion for printing paper stocks of this class but one designed 
to show up clearly differences between latices. The combina- 


tion of clay and calcium carbonate was chosen as most repre- 
sentative of industry practice. 
The color was made by stirring the pigments, tetrasodium 


Fig. 1. 


Print roll type coater used in evaluation of starch- 
latex bound coatings 
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COLOR CONTAINING VINYL ACETATE 
COPOLYMER LATEX 


Fig. 2. Hercules rheograms showing similar rheological 
behavior of starch-acrylic and starch-vinyl acetate copoly - 
mer colors 


COLOR CONTAINING ACRYLIC LATEX 


pyrophosphate, and four fifths of the starch solution in a 
sigma-bladed mixer at high consistency and 80% total solids 
content for a period of 2 hr. At the end of this time the re- 
maining starch solution, the water and the latex were added 
and stirring was continued for 30 min. at increased speed. 
The color was then ready for use. 

Brookfield viscosities were very close to 250 cp. at 50 r.p.m. 
and 160 cp. at 100 r.p.m. Hercules rheograms obtained with 
vinyl acetate copolymer latices were very similar to those ob- 
served with the polyacrylate dispersions widely used in 
coatings of this type as shown in Fig. 2. 

Some of the results obtained on supercalendered sheets in 
this work are shown in Table II. 

These runs are not strictly comparable because of the heavy 
coating weight in run no. 3. But it is interesting to note the 
slightly higher brightnesses achieved in runs no. 1 and no. 2 in 
spite of the heavier coating on the paper from run no. 3. The 
vinyl acetate copolymer latex seemed to give adequate per- 
formance in the wet rub test and, although the IGT pick re- 
sistance test seems to show a deficiency in the vinyl acetate 
copolymer in the particular run considered here, results on 
other runs indicated that the difference was actually not so 
large as these data would seem to indicate. 

In these initial experiments, complete success in equaling 
conventionally bound coatings was not achieved but never- 
theless results were far better than had previously been 
thought possible with a polyvinyl acetate binder. 


COATINGS WITH ALL-LATEX BINDER 


Our attention was then called to an odor problem existing on 
certain types of bread and frozen food wrap which precluded 
in many cases the use of butadiene-styrene latices and made 
necessary one of the much more costly acrylic ester latices. 


Table II 
Run 1 Run 2 Run 3 
Vinyl 
acetate 
copolymer Acrylic Butadiene- 
Latex latex ester styrene 
Coating weight lb./TAPPI ream 10.8 ial ke NS) 
Sheffield smoothness (cc./sec./sq- 
iti) ew O 24.4 23.3 25 
Hunter brightness, % 82.2 82.0 79.6 
Ingersoll gloss, % 86.8 88.1 89.6 
Opacity, % 91.2 91.0 93.3 
IGT pick resistance, ft./ min. (no. 2 
ink) 240 324 332 
Aminco wet rub (cycles to failure) 
Machine direction 10.4 11.0 8.8 
8.0 9.8 8.0 


Cross-machine 
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Table Lil 


Pounds 
Clay (predispersed type) 50 
Titanium dioxide 50 
Casein solution, 23%¢ 2 
Water 80.7 
Vinyl acetate copolymer dispersion 55% nonvolatile 27.3 

210.0 


a Cut with 4% NaOH calcd. on casein. 


Since vinyl acetate copolymer latices are less expensive than 
acrylic ester products and do not involve the odor problems of 
most butadiene-styrene latices, it was decided to investigate 
the behavior of the new microparticle vinyl acetate copolymer 
latices in coatings of this kind. 

Our original test was made on a trailing blade type coater 
using approximately 25 lb. basis weight stock with a dry 
coating weight of 21/2 to 3 lb. per 25 x 38-500 in. sheet ream. 
The color formulation is shown in Table IIT. 

Colors of this type were made using a Cowles dissolver. 
The clay, titanium dioxide, and water were first dispersed at 
2000 r.p.m. for 15 min. after which the casein or polyvinyl 
alcoho] solution and the latex were added and stirred in with 
an ordinary laboratory agitator. These colors were made up 
to 55% nonvolatile content. 

Tests on this initial run in comparison with similar material 
made using a standard acrylate ester type latex showed that it 
was measurably deficient in pivk resistance with respect to the 
acrylate-bound control when tested on the Vandercook proof 
press using no. 7 tack graded ink. 

A series of hand-coated sheets were then made to determine 
if the pick resistance could be improved either by substituting 
a dispersion of a somewhat harder copolymer or by means of 
certain formula variations. These were made on 27 1/2-lb. 
basis weight stock laid on plate glass and using a no. 5 Meyer 
bar or wire-wound rod. Coating weights obtained by this 
method with the undiluted color were in too high a range and 
it was necessary to dilute to 25% total solids content in order 
to get coating weights in the 4- to 5-lb. range. Although the 
coating weights were about twice what was desired on this 
series, the results of comparisons of the uncalendered sheets 
using the Vandercook proof press gave several interesting indi- 
cations, as shown in Table IV. 

The pick resistance comparisons made using the Vander- 
cook proof press are quite reliable and reproducible but un- 
fortunately only a comparison between papers can be made 
and no absolute values of the pick resistance of any one paper 
can be obtained. The figures in the table were obtained by 
visually rating the printed samples of paper, giving attention 
both to the appearance of the printed sheet and to any picking 


Fig. 3. Printing plate after making typical Vandercook 

test. Polyacrylate latex + 3% casein; vinyl acetate co- 

olymer + 3'/:% low viscosity, partially hydrolyzed poly- 
vinyl alcohol; vinyl acetate copolymer + 3% casein 
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Table IV. 


100% Latex Bound Coatings Hand-Coated Sheets 


i i jlizer Vandercook Vandereook 
igus) oo Ie gee a ae nine ced results results 

Latex pigment % on latex solids, % no. 6 ink no. 7 ink : 
Acrylate ester latex i 97 3 casein 10 9 
Soft. vinyl acetate copolymer emulsion 15 97 31/, PV Alcohol 10 10 
¢ 15 97 3 casein 5 3 
tS 16 94 6 casein if 5 
a 18 84 12 casein 10 7 
a 17.5 97 3 casein 10 i 
we 18 75 33 starch 10 9 
Harder vinyl acetate copolymer emulsion 15 97 31/2 PVAlcohol 10 10 
uw 15 97 3 casein 7 7 
Ue 15 94. 6 casein 10 7 
oo 16 84 12 casein 10 a 
me 17.5 97 3 casein 10 10 

which showed on the printing plate (see Fig. 3). Rating was containing the partially hydrolyzed polyviny] alcohol seemed 


done using the ASTM scale from 10 (excellent) to 0 (complete 
failure). 

Note that increasing amounts of casein gave improved re- 
sults with both soft and harder vinyl acetate copolymer emul- 
sions. The harder vinyl acetate copolymer emulsions proved 
to give better results than the soft copolymer emulsions in 
this series of 100%-bound coatings. Increases in total 
binder level were also helpful but by far the best results were 
obtained by substituting a small amount of partially hydro- 
lyzed polyvinyl alcohol for the casein stabilizer. Three and 
one-half per cent of this material, as solids, calculated on the 


to flow and apply more uniformly and to have less tendency 
toward streaking than colors containing casein. This seemed 
to be true even when the principal binder was a polyacrylate 
ester emulsion. If this difference is borne out by further tests 
and in commercial scale use, it will be another cogent reason 
for serious consideration of these microparticle copolymer dis- 
persions modified with polyvinyl alcohol, as binders for pig- 
mented paper coatings of all kinds. 


DISCUSSION 
Results so far have demonstrated that for pick resistance, 


. Table V. 100% Latex Bound Coatings Trailing Blade Coated Sheets 
Total binder Amt. of stabilizer Coating wt. IGT Pick resistance, ft./min. Vandercook 
lb. latex/100 1b or additive calcd. lb./TAPPI no. 2 ink rating 
Latex pigment on latex solids, % ream Range Ap. no. 7 ink 
Acrylic ester latex 15 3 casein oe bag ie 1.3 
Soft vinyl acetate copolymer dispersion LS 31/2 PVAleohol 2a 280-525 361 7:3 
a 15 2 PVAlcohol Dae bus fe ae 6.0 
i 15 3 casein ee ae ae 4.6 
#8 18 12 casein 3.2 240-425 320 5.6 
ne 17!/. 3 casein 3.4 330-445 390 5.8 
Harder vinyl acetate copolymer dispersion 15 31/2 PVAlcohol 3.1 140-250 183 4.8 
a 15 3 casein 3.6 135-218 169 3.0 
af 18 12 casein 3.2 240-475 320 5.6 
z; 17/2 3 casein 2.9 130-220 200 D0 


resin solids in the color was sufficient to bring the pick resist- 
ance as measured by Vandercook proof press comparisons up 
to equal results obtained using a standard polyacrylate latex. 

A number of these tests were subsequently repeated in 
machine coating runs using a trailing blade type coater. The 
results of these runs are given in Table V, and confirm ina 
general way the bandsheet data, although there are some im- 
portant differences. 

It will be noted that in this series, the emulsion containing 
the softer of the two vinyl acetate copolymers gives the better 
results in terms of pick resistance except in the case where 12% 
of casein was added. In these tests an attempt was made to 
determine the relative pick resistance using the IGT pick 
tester. Results varied widely, however, and in individual 
tests on any given paper they did not seem to be entirely con- 
sistent or well correlated with the results obtained using the 
Vandercook proof press. For this reason, both a range and an 
average are given for each coated paper. 

Apparently, with this particular type of coated and un- 
calendered sheet, it is far more difficult to obtain consistent 
and reproducible results with the IGT tester than with the 
Vandercook press even though the IGT machine gives a 
numerical result in feet per minute and the latter only a com- 
parison which must be judged and rated subjectively. The 
figures in the last column were obtained in this case by rating 
at least four samples of each paper in the manner described for 
the hand-coated sheets and averaging the results, which were 
generally within one point of one another. 

In making the hand-coated sheets as well as in carrying out 
the pilot machine coating runs it was observed that the colors 
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a microparticle size, vinyl acetate copolymer emulsion modi- 
fiedwith 31/2% partially hydrolyzed polyviny] alcohol will give 
results, on at least one type of coated stock, which are essen- 
tially equivalent to those obtained with commonly used acrylic 
ester latices. This point is illustrated in Fig. 4. There re- 
mains the effect of the substitution on other properties and 
the economic considerations. 

With regard to the former, very fragmentary results have so. 
far indicated that these coatings tend to have greater ink 
receptivity and slightly greater sensitivity to water than 
coatings bound with conventional latices. Both of these 
problems, however, if they prove to be critical can be attacked 
in several ways. The use of other, less soluble, grades of poly- 
vinyl alcohol or the inclusion in the color of some ingredient 
which would tend to render it insoluble suggest themselves 
at once as means of obtaining greater water resistance. 

As to economics, it is interesting to look at the costs per 
pound of the binders used in an acrylate-bound coating, and 
in the same coating in which the suggested blend of polyvinyl 
alcohol and vinyl acetate copolymer emulsion has been sub- 


stituted for it. These are shown in Table VI. 
Table VI. Binder Cost in Cents per Solid Pound 
Vinyl acetate 
copolymer Acrylic ester 

Latex 35.4 42.4 
Casein at 21¢/lb. me 0.6 
Polyvinyl alcohol at 94¢/Ib. 3.3 

Total cost/lb. solid binder 38.7 43.0 
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Fig. 4. 


: Coating bound with acrylic latex + 3% casein; 
coating bound with vinyl acetate copolymer latex + 
31/29 polyvinyl alcohol 


The savings realized by substituting the suggested blend 
would amount to 4.3¢ per lb. of solid binder, or 10% of the 
original binder cost, a very worth while economy for medium 
and large scale users of latex coating binders. 

It is our belief that the results of this investigation, ad- 
mittedly limited, are nevertheless definitely encouraging, and 
that the investigation of vinyl acetate polymer and copolymer 
emulsions of the microparticle size type as paper-coating 
binders ought to continue on an expanding scale. The work 
described here is being continued and extended and will, we 
feel, be supplemented by the efforts of a number of firms who 
do commercia) papercoating and are anxious to explore all 
likely possibilities in their attempts to reduce their binder 
costs without affecting odor or printing quality. 


RECEIVED Oct. 2, 1959. Presented at the 10th Coating Conference of the 
Technical Association of the Pulp and Paper Industry, held in Boston, Mass., 
May 25-27, 1959. 


Application of a Urea-Formaldehyde 
Concentrate to Starch-Clay Coatings on a 
High Solids Pilot Plant Roll Coater 


G. K. CLEEK and R. C. CHASE 


Tum results of previous work on the use of a urea- 
formaldehyde concentrate, UF Concentrate 85, to insolu- 
bilize starch has been reported to the 1956 and 1957 TAPPI 
Coating Conferences (1, 2). Briefly, these results showed 
that a urea-formaldehyde concentrate can provide the paper 
coater with an inexpensive material which may be used with 
starch-clay coatings to produce a coated paper having im- 
proved wet rub characteristics. This concentrate was ef- 
fective when used with oxidized, dextrinized, hydroxyethy- 
lated, and enzyme modified starches. Improved wet rub 
resistance was obtained without the use of a catalyst. The 
concentrate was also used as an additive for size press ap- 
plications to produce a sheet having improved wax pick and 
improved size tests. 

Since these results were obtained from bench scale ex- 
periments and confirmed only by limited plant trials, it was 
apparent that further work should be done on a pilot coater 
operated under plant conditions. Accordingly, a grant-in- 
aid was established at the University of Maine for the work 
reported in this paper to be done under the direction of Pro- 
fessor L. C. Jenness and R. C. Chase. 


G. K. Cunex, Allied Chemical Corp., Nitrogen Division, Hopewell, Va., and 
R. C. Cuase, University of Maine, Orono, Me. 
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The utility of the urea-formaldehyde concentrate in paper 
coating lies in the fact that a large portion of the chemical 
reactivity of formaldehyde is passed on to its methylol 
derivatives so that they are normally included in 
the type reactions for formaldehyde. As far as the 
work in this paper is concerned, the most important type 
reaction of formaldehyde is with hydroxy compounds, as 
starch and cellulose, to form hemiacetals and methylene 
ethers or formals. These type reactions are modified by the 
effect of reaction conditions on the complex carbohydrate 
molecule and the various forms in which it is used. Under 
the influence of acid and high temperatures, stable resinous 
products involving chemical linkages of the starch and cel- 
lulose may be formed. 

Experimental results indicate that the concentrate, UF 
Concentrate 85, is composed of methylolureas in equilibrium 
with free formaldehyde. All of the contained formaldehyde 
is available for further reaction. Thus, the same reactions 
which make formaldehyde and its methylol derivatives useful 
to the paper coater will apply to the use of the urea-formalde- 
hyde concentrate. 

To study the effect of pH, curing time, urea-formaldehyde 
concentration, and type of starch used on the degree of wet 
rub resistance produced on coated paper a series of trial 
coating runs on the pilot plant coater were made at the Uni- 
versity of Maine. In addition to wet rub resistance, Den- 
nison wax pick, IGT printability, and MIT fold tests were 
made on the coated paper. 

The starches used in this work were provided by National 
Starch Products; the clays by Southern Clays and Rote. 
Vanderbilt Co. 


PROCEDURE 


Preparation of Starch 


All runs were made with an adhesive concentration of 16 to 
18% based on the weight of dry clay. 

The starch was prepared by dissolving the desired weight in 
cold water and then heating to 190°F. in a double boiler. 
The starch was held at 190°F. for 30 min. and then cooled to 
room temperature. The solution was weighed and any 
water loss due to evaporation replaced. The Brookfield 
viscosity of the starch solution was measured as a check on 
the uniformity of the cooking procedure. 

In the case of the enzyme-converted starch, a dry enzyme 
was used and the manufacturer’s recommendations followed 
for cooking the starch and deactivating the enzyme. The 
starch was then cooled to room temperature, water loss made 
up, and the viscosity measured. 


Mixing, pH Adjustment, UF Concentrate Addition 


The dispersing agent used (0.25% TSPP based on dry clay) 
was added as 200 g. of a water solution to a sigma-blade 
mixer. Approximately 1800 g. of starch solution were added 
and then 7800 g. of clay were slowly added to the mixer. 
This doughlike clay mix was allowed to knead for 2 hr. At 
the end of this time the balance of the starch solution was 
added and the pH ajdusted to the desired value with a 10% 
solution of NH,OH or HCl. The concentrate which had 
previously been adjusted to the desired pH value was then 
added, and any necessary water to give the final per cent 
solids was also added. The adjustment of pH and addition of 
the concentrate required approximately 30 min. At the end 
of this period the color was ready to be applied to the paper. 


Roll Coater 


The roll coater consists of a roll train of four rubber rolls 
having a 12-diameter and a 14-in. face. A back-up roll for 
the paper is the same size but is constructed of chromium 
plated steel. The speed of each roll in the roll train is ad- 
justable so that the rate of shear in each nip can be 
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CURE TIME SECONDS 


Fig. 1. Flowkote 


progressively increased until the coating color is applied to the 
paper. 

The drying section consists of 4-ft. diameter, chrome plated 
drying cylinders using high pressure steam. The machine 
speed is continuously variable, from 50 to 750 f.p.m. 

In operating the coater the machine was run at the desired 
operating speed (500 f.p.m.) and the coat weight adjusted 
by changing the pressure or rate of shear in the coating roll 
nips. 

After the coat weight had been adjusted to a satisfactory 
value (10-12 Ib., 25 X 38—500 on 41-lb. base stock) an ex- 
perimental run was made. To simulate the effects of various 
drying times which might be observed in various mills, and 
to determine the effect of drying time on amount of reaction, 
the paper was taken from the rewinder and again passed over 
the driers. Samples were taken for testing at 30, 60, and 90 
sec. of total contact time with the driers. 


TESTING PROCEDURE 


The basis weight was obtained by weighing ten 10 X 10-in. 
humidified sheets and multiplying by the appropriate con- 
version factor. The weight of the raw stock at approxi- 
mately the same point in the roll was also obtained and the 
difference between the two was recorded as the weight of 
coating applied. 

The MIT fold test was run in accordance with accepted 
procedures. 

IGT printability tests were run on calendered sheets from 
each run. In all cases the speed and IPI tack graded ink 
used were adjusted so that pick first occurred in the initial 
third of the sample being tested. In most cases this involved 
the use of no. 2 ink (IPI tack graded black) and the use of the 
“A” speed on the IGT printability tester. 

Wet rub tests were made using the wet rub tester manu- 
factured by the American Instrument Co. With this in- 
strument a variable speed motor is made to push a rubber 
finger over the surface of the coated paper. The paper is 
wetted with water from an eye dropper and the number of 
strokes required to break through the coated surface is re- 
corded. 

In addition the finger wet rub test was performed. Five 
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Fig. 2. Nadex 350 
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Fig. 3. Amioca 


drops of water were placed on the coated surface and allowed 
to penetrate for 30 sec. The bare finger was then rubbed 
across the wetted areas onto a sheet of black paper depositing 
on the black paper any coating which had not adhered to the 
coated paper. By shifting the coated paper slightly a series 
of seven of these forefinger wipes could be made and compar- 
the results compared visually. 

In order to determine whether or not continued cure was 
obtained over a long period of time a selected series of coated 
paper samples was tested daily for a period of one month. 
The results obtained were assumed to be typical of those 
which would be obtained from any of the coated paper. 


DISCUSSION OF RESULTS 


Table I contains the tabulated average values of the original 
data for all three starches used in this work. Inspection of 
these data indicates that no significant change in wax pick 
value can be attributed to the use of the concentrate. The 
more highly converted starch had the lowest wax pick value; 
however, no trend or change can be seen within the runs made 
using any one starch. 

It will also be noticed that moisture vapor transmission 
tests were run on the Amioca starch (Table Il). This was 
done in order to determine whether a waterproof film was 
being formed. The evidence indicated that a film was not 
being formed and that while the use of the concentrate 
enhanced the wet rub resistance it had no effect on the 
moisture vapor transmission. This test was consequently 
omitted from the experimental results obtained with the other 
starches. 

Figures 1, 2, and 3 show the effect of cure time on wet 
rub resistance as measured by the mechanical wet rub tester. 
Both pH and amount of concentrate used are parameters 
on these figures. The wet rub resistance is observed to in- 
crease with cure time and the increase in wet rub resistance 
is more pronounced with the more reactive starch. In all 
cases the use of 25% concentrate (by weight, based on weight 
of dry starch) shows an improvement over the use of 15%. 
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Increasing the amount of concentrate to more than 25% has 
a varied effect and in general is probably not necessary to 
obtain the desired wet rub resistance. 

The effect of pH on wet rub resistance is varied and does 
not appear to have any deleterious effect over the range of 
pH values investigated. 

Figures 4 through 9 show the effects of pH, cure time, and 
amount of concentrate used on the printability of the coated 
paper. Figure 4 indicates that printability, as measured by 
the IGT printability tester, increases with increasing cure 
time. The addition of more than 25% concentrate appears 
to decrease the printability. Figure 5 indicates that the print- 
ability decreases with increasing pH and that the use of more 
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Fig. 6. Nadex 350 


than 25% concentrate again has a tendency to lower the print- 
ability. Table III gives a summary of runs using Flowkote 
starch. 

No safe conclusions can be drawn from Fig. 6. Figure 7 
shows the same tendency as Fig. 5 and indicates that the 
printability decreases with increasing pH. 

Figure 8 indicates that cure time has little effect on the 
more reactive Amioca starch; however, the printability is 
increased by the increased amount of concentrate used. 
Figure 9 again shows little effect of pH but does show the in- 
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crease in printability due to increased amount of concentrate 
used. 


From a study of Fig. 1 through 9 it can be seen that the | 
degree of reactivity of the concentrate with the starch de- 
pends upon the type of starch used but that in all cases its | 
use increases the wet rub resistance and the printability of | 


the coated paper. : 
Figure 10 shows the increase in wet rub obtained when a 
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series of samples were allowed to age in a constant tempera- 
ture and humidity room (70°F. and 50% R.H.) and were 
tested daily. A gradual increase in cure resulted in an in- 
creased wet rub resistance. No decrease in printability 
was detected. 

MIT fold tests were run to determine whether or not the 
increase in wet rub obtained by using the concentrate had any 
effect on the folding characteristics of the coated paper. 
Since most of the folding strength comes from the base stock, 
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Fig. 10. Increase of wet rub resistance with time 
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i the small differences found are not significant and no conclu- 
sions can be drawn from the MIT fold data in Table I. 


CONCLUSIONS 


The use of the urea-formaldehyde concentrate, UF Con- 
centrate 85, to increase the wet rub resistance of paper coat- 
ings has been demonstrated to be feasible with a variety of 
commonly used starches on a laboratory coater under typical 
machine operating conditions. 
| In addition to increased wet rub resistance a considerable 
improvement in printability results form the use of this 
product. 
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Titanium Dioxide Retention 
H. C. BRILL and F. L. HECKLAU 


My interest in this subject goes back some fourteen 
years to 1945 when I was given the assignment of setting up a 
paper laboratory for the testing of white pigments in paper. 
It was during my first call on a paper account that I became 
painfully aware that many people in the paper industry con- 
sidered the price of titanium dioxide as excessively high. The 
price was then 141/2¢ and is 25'/ o¢ per lb. at the present time. 
Because of the relatively high manufacturing costs of titanium 
dioxide, it was unlikely that any major price reduction would 
occur. Our best chance of lowering the cost of the pigment to 
the paper manufacturer was in research designed to lower the 
unit cost through operating economies initiated in the cus- 
tomer’s mill. The most likely spot to start was in the wet end 
of the paper machine by improving the retention of the pig- 
ment and thus reducing unit cost. Since that time, the writer 
has prepared several papers and talked numerous times on the 
subject. The paper to be delivered this evening should be 
considered in the light of a progress report since there are still 


-many unanswered questions and unexplained phenomena to 


be investigated. 


TITANIUM DIOXIDE RETENTION IN THE PAPER MILL 


The amount of pigment found in the paper divided by the 
amount of pigment added at the headbox multiplied by 100 is 
considered “one pass retention.” The amount of pigment in 
all the reels of a given run divided by the amount of pigment 
added at the wet end multiplied by 100 is considered by many 
mills as the “over-all retention.” Although “over-all reten- 
tion” of a high magnitude is more desirable than “‘one pass 
retention,” we find that in actual practice it is very difficult to 
determine the ‘over-all retention” accurately. The majority 
of mills are unable to schedule one machine entirely on tita- 
nium dioxide filled papers. As a result, the runs are of short 
duration and the titanium dioxide in the white watcr before 
and after the run is unaccounted for in the determination. In 
a mill of this type, considerable titanium dioxide is lost to 
nonpremium or nontitanium dioxide containing grades. 
From a profit standpoint, a loss of this type is similar to pig- 
ment lost to the sewer. Since “over-all retention’”’ requires 
the supervision of the technical staff, it is seldom run on a 
routine basis. On the other hand, “one pass retention’ may 
be set up and run on a routine basis by the plant control 
laboratory. This figure coupled with the pounds lost to the 
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sewer is sufficient to give management a good practical pic- 
ture of the efficiency of their mill operation. High “‘one pass 
retention” smooths out fluctuations in paper quality, reduces 
the load on the save-alls and reduces the loss of titanium 
dioxide to nonpremium grades when small orders have to be 
run. 

A well closed white water system with properly operated 
save-alls is the best retention aid a mill can secure, and it is 
a necessity if the mill wishes to add titanium dioxide in the 
wet end and compete with other manufacturers of this type 
of paper. Unfortunately, many things which cause poor re- 
tention on the paper machine cause the same trouble in the 
aides so this is not a perfect answer to the retention prob- 
em. 

A good accounting system is also a necessity, for it is sur- 
prising how few paper mills actually know what the titanium 
dioxide retention of a given machine and a given grade of paper 
isatthemoment. A mill that purchases $100,000 per yr. worth 
of titanium dioxide, or more, can afford to assign one man full 
time to the difficult task of keeping accurate records on their 
use of titanium dioxide. Such a man should report at regular 
intervals to the mill manager on the following: 


1. The pounds of titanium dioxide in the paper mill system 
at the beginning of a given time interval. 

2. The pounds of titanium dioxide added to the paper mill 
system during the time interval. 

3. The pounds of titanium dioxide in saleable premium 
paper manufactured during the time interval. 

4. The pounds of titanium dioxide in saleable nonpremium 
paper manufactured during the time interval. 

5. The pounds of titanium dioxide in the system at the end 
of the time interval. 

6. The pounds of titanium dioxide lost to the sewer during 
the time interval. 

7. The pounds of titanium dioxide that are unaccounted for 
during the time interval. 


The most important calculation from the above data is the 
per cent of the total titanium dioxide found in salable paper. 
This figure is secured by dividing no. 3 by no. 2 and multiply- 
ing by 100. It is the best measure of a mill’s efficient use of 
the pigment. 


MECHANISM OF RETENTION 


Fillers may be retained in the wet end of a paper machine 
by two basic mechanisms. These are electrostatic attraction 
between the filler and the fiber and simple mechanical filtra- 
tion. 


Electrostatic Attraction 


Any dispersed solid in contact with water will assume an 
electric charge with respect to water. The sign and magni- 
tude of this charge is dependent upon the adsorption of vari- 
ous ions from the water. In a rough way, solids tend to as- 
sume a negative charge under alkaline conditions and a posi- 
tive charge under acid conditions. If the solid is small enough 
and the charge large enough, a particle with a given charge 
will tend to migrate toward an electrode of the opposite sign 
(electrophoresis). Commercial forms of water dispersing 
titanium dioxide have a negative charge in distilled water, and 
this is readily determined by inserting two electrodes into a 
dispersed pigment slurry. The pigment will migrate to and 
plate out on the positive electrode. However, cellulose also 
has a negative charge over most of the pH range. As a 
result, the retention of a negatively charged titanium dioxide 
slurry in a handsheet made from wood pulp in distilled water 
is essentially zero. 

The retention of certain dyes and wet strength resins is 
apparently accomplished by electrostatic attraction. The 
particle size of these solids is in the colloidal range and much 
smaller than normal pigment dimensions. Some years ago, 
the writer prepared some colloidal titanium hydrate and gave 
it a positive charge by dispersing it at low pH with hydro- 
chloricacid. This dispersion was very stable and remained in 
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suspension for several years without observable settling. 
The one-pass retention of this material in handsheets was out- 
standing, but it did not improve the optical properties of the 
paper. Certain forms of pigmentary titanium dioxide may 
also be given a positive charge by dispersing them with alumi- 
num chloride. Unfortunately, the charge per unit particle 
weight is small and they do not retain well in paper. At- 
tempts to increase this charge by reducing the particle size 
resulted in a loss of optical properties without an appreciable 
improvement in retention. The optimum particle size of 
titanium dioxide for the best optical properties is a narrow 
band near 0.2 4, and any attempt to move in either direction 
results in a major loss of opacity and brightness. As a result 
of the above experiments, it did not appear probable that one 
could give pigmentary titanium dioxide a positive charge per 
unit particle weight of sufficient magnitude to secure paper 
retentions of the same order as those achieved by agglomera- 
tion and mechanical filtration. 


Mechanical Filtration 


It is most probable that the retention of commercial titanium 
dioxide in the wet end of a paper machine under the conditions 
of use that are now practiced is a combination of electrostatic 
and mechanical filtration. The neutralization of the negative 
charge of the pigment by alum addition is electrostatic in 
nature, but the retention of the resulting uncharged agglomer- 
ate is apparently mechanical. An increase in retention may 
be secured by increasing the agglomerate size; reducing the 
paper pore size by increased pulp hydration; use of gelatinous 
materials such as freshly formed aluminum hydrate; use of 
needlelike fillers, such as diatomaceous silica. These methods 
of improving pigment retention function by reducing the pore 
size of the filter mat of pulp fiber or increasing the effective 
size of the agglomerates. When we speed up a paper machine, 
it is necessary to increase the suction on the filter boxes and 
the couch roll. As a result of increased mechanical force on 
the pigment, the one pass retention is reduced. In a similar 
way, an increase in basis weight results in a thicker filter mat 
and better retention. Some pulps form a less porous filter 
mat than others and give better retention of fillers as a result. 
A general rule to follow in judging the effect of various chemi- 
cals or machine operations for filler retention is to determine 
whether these changes affect agglomerate size or wet pulp 
fiber porosity. An increase in the former increases retention 
and a decrease in filtration pore size will increase retention, 
and vice versa. 

The initial size of the titanium dioxide pigment is well be- 
low the pore size of the ordinary paper filter mat and the pig- 
ment will readily pass through this mat in the dispersed form, 
After addition of alum or other flocculation agents, these 
particles are agglomerated into a much larger size particle. 
“One-pass retention” is determined by the size of these ag- 
glomerates when they reach the wire rather than the initial 
dispersed size or the initial agglomerate size upon flocculation. 
This progress report will deal primarily with methods of con- 
trolling agglomerate size so that the titanium dioxide pigment 
will arrive at the wire in a form that will give the paper the 
best combination of retention and optical properties. 


EFFECT OF DISPERSANTS AND PROTECTIVE 
COLLOIDS ON THE RETENTION OF TITANIUM 
DIOXIDE 


Willetts (7) discovered in 1935 that starch had a detrimental 
effect on the “one-pass retention” of titanium dioxide, and 
theorized that this was probably due to a protective colloid 
behavior which prevented the agglomeration and resulting 
particle growth necessary for retention. The writer (2), in 
1955, found that most cornstarches were detrimental to the 
retention of titanium dioxide and that a chlorinated cornstarch 
nullified the advantages of most retention agents. The 
troubles arising from the use of cornstarch have been well 
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Effect of Concentration on Retention of 
Titanium Dioxide 


Table I. 


TiO2 retention, % 


Digestion pulp consistency 
Experiment Chlorinated after —at flocculation-—\ 

no. starch, % agitation 0.6% 4.0% 
1 None 10 min 37 43 
2 None 30 min 42 46 
3 None 1 hr. 47 46 
4 None 2 hr. 50 50 
5 None ang 54 55 
6 2 10 min 9 15 
Uf 2 30 min 9 16 
8 2 1 hr. 9 15 
9 2 2 hry 9 16 
10 2 5 hr. 8 17 


publicized and have tended to obscure the fact that many | 


other starches and other organic agents can and do function 
in the same way. It seems probable that the aluminum ion 
is adsorbed on to the surface of the pigment or into the micelle 
during the flocculation phenomenon. Apparently, the starch 
molecule is more strongly adsorbed than the aluminum ion 
and displaces it at the surface with a redispersion of the floc- 
culated pigment. With adequate time and agitation, it 
apparently makes little difference in retention what the order 
of addition of the chemicals may be. 

The use of starch and other dispersants in the paper mill 
operation is so common that it is impossible to keep them out 
of the wet end. Although it is possible to stop their direct 
addition, they will get in from broke which has had starch 
added at the size press or in coating. Therefore, it is desir- 
able that we investigate the fundamental conditions of manu- 
facture in the interval between the point of addition of the 
pigment and the wire, on the flocculate size and the resulting 
retention. This will be done both in the presence and in the 
absence of starch. These variables are: (1) the concentra- 
tion of the reactants and the amount of alum addition; (2) the 
effect of violent agitation of the same order as one might get 
from the beater, refiners or pumps in the wet end, and the 
time between agglomerate formation and incorporation into 
the paper; (3) the effect of clay concentration; (4) the effect 
of dilution after flocculation; and (5) the effect of tempera- 
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Fig. 1. Effect of concentration on retention of titanium 
dioxide 
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Table II. Effect of Alum Addition on Retention of Titanium Dioxide, 0.5% Pulp Consistency 


Expt. Chlorinated 


u 
no. starch, % concentration, % 


3 
q 


None 
None 
None 
None 
None 
None 


DOOoORNHFHOOOrRNKrO 


NNNNwnNy 
PE NWooNnHewoony 


al al al Gta a erat 


Ti02 TAPP ——TAPPI opacity, %—— 
retention, % brightness, % Unwazxed Waxed 

12 83.7 80.3 32.3 

34 85.5 83.7 50.1 

39 84.8 85.5 52.8 

41 86.2 84.8 53.5 

4l 86.6 84.8 53.4 

39 86.5 85.0 52.8 

5 83.6 78.8 23.3 

8 85.1 79.6 27.4 

16 85.2 81.0 37.9 

26 86.0 82.0 43.0 

28 86.0 82.4 44.8 

35 85.9 83.2 47.6 


The Amount and Concentration of the Reactants, and the 
Amount of Alum Addition 


Table I and Fig. 1 illustrate the effect of flocculating tita- 
nium dioxide at the concentrations of the beater compared with 
those found at the headbox. In this experiment, we subjected 
the flocculates to severe agitation and also ran the experiment 
in the presence and absence of starch. The data and the 
curves show that we get a better retained flocculate at the 
higher concentration and also one that is more resistant to the 
attack by starch and agitation. We changed the conditions 
of this experiment in Table II, Table Ha, Figs. 2, 2a, 2b, and 
2c. Here the agitation was eliminated, and you will note that 
the general level of retention of the starch-containing furnishes 
is much higher. Comparison of Fig. 2 with Fig. 2b shows that 


retention, both with and without starch, is higher at the 4% 


consistency level than at the 0.5%. These data show that if 
all other factors were equal, it is preferable to flocculate the 
pigment at the high concentrations found in the beater rather 
than the lower concentrations of the headbox. However, in 
practical applications, other factors do enter the picture and 
in later experiments we will show that this is not always 
correct. 

It is rather difficult to distinguish between the amount of 
the reagents in the flocculation reaction and the concentration, 
since the two are related. However, it is-theoretically pos- 
sible to use a concentrated slurry of titanium dioxide and 
flocculate this outside the paper system with a concentrated 
solution of alum. The resulting mixture could then be 
pumped to the paper system in a flocculated form and com- 
pared in retention with flocculates prepared with the same 
amount of reagents but at the lower concentration of the paper 
mill system. Outside flocculation would cause some difficult 
practical problems in the storage, pumping, and metering of a 
flocculated system, but the data mentioned in the previous 
paragraph indicates that we might get higher retention and a 
flocculate that was more resistant to breakdown by both starch 
and agitation. 

Under practical conditions, the amount and concentration 
of the alum flocculating agent is the one most readily changed. 
For this set of experiments, we reduced the agitation to a mild 
stirring; varied the concentration level between 4 and 0.5% 
consistency and changed the amount of alum added from 0 to 


a maximum of 8%. Under these conditions, it is apparent 
that the optimtm alum addition is approximately 2% where 
starch is absent, and when starch is present the retention is 
still climbing at the 8% level. The curve is particularly 
sharp on the retention curve with starch at the 0.5% con- 
sistency level. We were curious if the 8% level of alum addi- 
tion might have overflocculated the pigment and caused a loss 
of optical efficiency. Comparison of the curves in Fig. 2 
versus Fig. 2a, also Fig. 2b versus 2¢ shows that they are 
roughly similar. This indicates that no significant overfloc- 
culation occurred. This set of experiments with alum also 
show the effect of concentration level since the retention both 
with and without starch was higher at the 4% consistency 
level than at the 0.5% level. 


The Effect of Violent Agitation and Time of Recovery 


It is common practice to put the titanium dioxide into the 
beater, flocculate it here with alum, and subject the resulting 
agglomerates to severe attrition during the beating cycle, 
refining cycle, cleaning, and pumping before bringing them to 
the wire. We suspected that this violent agitation might 
alter the agglomerate size and the resulting retention. This 
experiment compares two furnishes with and without agita- 
tion, and with and without starch. We also investigated the 
effect of recovery time on retention by following the retention 
of these agitated furnishes over a period of several hours. 
The data shown in Table III and Fig. 3 show the following: 


1. The retention is essentially unaffected by severe agitation 
if there is no starch or dispersant present. 

2. Where starch is present, agitation reduces retention to a 
minimum level immediately. The unagitated control ap- 
proaches the same level as the agitated sample if given sufficient 
time. 

3. Where starch is absent, the agitated and the unagitated 
flocculates tend to improve in retention with time at approxi- 
mately similar rates. 


These data illustrate the difficulty of getting reproducible 
retention results on experimental runs in either the plant or 
hand sheet mold. Many investigators have failed to control 
the severity of agitation and the time between agitation and 
the finished paper. In effect, one 1s always trying to hit a 
moving target. 


Table Ila. Effect of Alum Addition on Retention of Titanium Dioxide, 4.0% Pulp Consistency 


Expt. Chlorinated Alum 

no. starch, % concentration, % pH 
13 None 0 5.8 
14 None 1 3.9 
15 ‘None 2 Sil 
16 None 4 3.6 
iff None 6 3.0 
18 None 8 38. 
19 2 0 5.8 
20 2 1 3.9 
21 2 2 33,0 
22 2 4 3.6 
23 2 6 3.3 
24 2 8 3.0 


TiO2 TAPPI ——TAPPI opacity, To—— 
Waxed 


retention, Yo brightness, % Unwaxed 
25 86.1 81.1 42.5 
52 87.8 85.1 56.6 
51 873 84.9 56.0 
53 87.6 85.0 56.5 
51 87.8 84.8 55.9 
56 87.6 85.1 57.2 
20 85.7 80.2 38.9 
29 87/3 81.9 45.5 
32 87.4 82.6 AT 
36 87.4 82.8 48.7 
32 86.8 82.6 47.4 
40 87.2 82.9 50.0 
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Fig. 2. Effect of alum addition on retention of titanium 
dioxide 


The Effect of Clay Addition on the Retention of Titanium 
Dioxide 


Clay is the major filler in most papers, and titanium dioxide 
is a minor component. When the clay content of a sheet of 
paper is increased at constant basis weight, the effect on the 
titanium dioxide retention depends on the relative retention 
characteristics of the clay versus the pulp. The results shown 
in Table IV indicate that the clay had essentially the same 
filtration characteristics as the pulp since there is no appre- 
ciable change in the retention in the presence or absence of 
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Fig. 2a. Effect of alum addition on waxed opacity 
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Fig. 2b. Effect of alum addition on retention of titanium 
dioxide 


starch as the clay content of the paper was increased. It 
seems probable that the pulp might be mechanically refined 
so that it would be greatly superior to the clay, but this was 
not the case in our experiments, 

It is of interest to note that the retention of the clay is 
markedly inferior to the retention of the titanium dioxide, 
which confirms the statements of other investigators (1). It 
is also of interest that the clay retention does not suffer as 
great a percentage loss upon starch addition as the titanium 
dioxide. 


NO STARCH 


2% STARCH 


WAXED OPACITY 


% ALUM ON OVEN-DRY PULP 
4% CONSISTENCY 


Fig. 2c. Effect of alum addition on waxed opacity 
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Table III. 


Effect of Agitation and Recovery Time on Retention of Flocculated Titanium Dioxide 


Chlorinated Agitation TiOr retente 
Expt starch, St eres ies Baga a —— 
no. % occultation 10 min 30 ath ete Shane wa 2 hr. 5 hr. 
1 None No 39 45 45 51 58 
Pe None Yes 37 42 47 50 54 
3 2 No 19 17 14 14 12 
4 2 Yes 9 9 9 9 8 


The Effect of Dilution After Flocculation 


It is standard practice in paper mills to beat and refine the 
furnish at 4 to 6% consistency, and then dilute the furnish to 
approximately 0.5% before going to the wire. We were 
interested in determining what effect this dilution might have 
on retention since it is standard practice, and we were also 
interested in the effect it might have on a separately floccu- 
lated titanium dioxide slurry made at high concentrations of 
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B-WNO STARCH, PLUS AGITATION 
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Fig. 3. Effect of agitation and recovery time on retention 
of titanium dioxide 


reactants. Our normal procedure for making handsheets 
requires dilution to approximately 0.05% consistency in order 
to get satisfactory appearance and formation. We found out 
by trial and error that 0.75% consistency was the maximum 
level that we could use experimentally and get anything that 


looked like paper. We made a ladder starting at 0.75% with 
increasing dilution to 0.05%, and determined the per cent 
retention of various titanium dioxide levels in the presence 
and absence of starch. The data shown in Table V indicate 
that there is no change in retention upon dilution in the ab- 
sence of starch and a slight retention loss in the presence of 
starch. These data would indicate that the possibility of 
external flocculation of concentrated titanium dioxide slurries 
with concentrated alum, followed by dilution and metered 
addition to the furnish, should be investigated further, 


The Effect of Temperature on the Retention of Titanium 
Dioxide 


We considered the effect of temperature as of lesser impor- 
tance than the previous variables studied, but thought it 
desirable to round out the study. We selected the tempera- 
ture of 35°F. as the minimum one might encounter in winter- 
operation, and the temperature of 77°F. as average for the 
summer months. We selected i90°F. as the maximum that a 
mill might try for securing rapid water removal on the wire. 
The experiments were made both with and without starch, 
Table VI, Fig. 4. They show that no appreciable change in 
retention should occur, with or without starch from winter to 
summer. A slight retention drop occurred between 77°F. and 
190°F. without starch, and a major drop with starch. In 
general, a slightly decreased retention occurs as the tempera- 
ture is elevated. This experiment was run with the pigment 
flocculated separately from the pulp, so that the results were 
unaffected by the fiber behavior. This may explain the differ- 
ence in results secured by Willets (1). We shall have to 
repeat this experiment and compare co-flocculation with sepa- 
rate flocculation under different temperatures. 


TITANIUM DIOXIDE, OPTICAL EFFICIENCY, AND 
OVERFLOCCULATION 


Our laboratory has seldom encountered difficulty with 
overflocculation and the resulting loss of optical efficiency. 
In general, we were more concerned with loss of retention due 
to inadequate size flocs caused by the presence of dispersants 
or protective colloids. However, chemical manufacturers 
are now supplying a number of highly efficient flocculants, and 
one manufacturer of titanium dioxide is supplying a treated 
pigment with the ability to flocculate in the presence of starch 
and other dispersants. The general recommendation for the 
use of these new acrylic polymer flocculating chemicals is 


Table IV. Effect of Clay Addition on Retention of Titanium Dioxide 


Chlorinated TiO2 Clay TiO2 in TiOr Clay in Clay . 
r retenttor ret , -—TAPPI opacity, Yo 
Hawt Be aoe ag eye ake ee é ention Fi pact Y, oF 
None None None 0.0 0 0.0 0 78.0 18.2 
; Noe ie 0 2.6 BY 0.0 0 85.4 54.1 
3 None a 20 PAG 37 2.5 13 86.2 56.0 
4 None fa 33 2.9 36 3.9 13 87.0 56.3 
5 None Ma 50 2.4 35 5.1 12 86.7 55.2 
6 None uf 67 Pes 34 6.4 iat 87.1 54.9 
ff None 7 100 2.2 34 8.6 1] 86.0 53.2 
8 None de 200 1.8 30 14.5 10 86.6 52.2 
9 2 7 0 0.5 7 0.0 0 80.6 29.3 
10 2 7 20 0.5 7 ert 10 81.9 29.8 
dol 2 "f 33 0.5 7 2.6 9 81.2 28.6 
12 2 a 50 0.5 8 3.9 9 82.1 30). 1 
13 2 ‘ik 67 0.6 9 4.6 8 82.2 30.5 
14 2 a 100 0.6 9 6.7 8 79.3 29.9 
15 2 ri 200 0.5 8 10.3 7 80.9 30.2 
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Table V. Effect of Water Dilution on Retention of Titanium Dioxide 


—2% TiO2 addition—~ 
TAPPI 


—7%q TiOr addition——X —16% TiOr addition-—~ 
T TAPPI 


Pulp PARP : 

: Chlorinated consistency waxed TiO2 waxed TiO2 waxed Ti02 

Expt. starch, at wire, opacity, retention, opacity, retention, opacity, retention, 

no. % % 0) 0 0) % % % 
1 None 0.75 ae 50 ines 58 eae 59 

2 None 0.50 $5 47 ses 53 ae 702 
3 None 0.10 41.4 46 59.7 54 66.9 56 
4 None 0.05 41.9 51 61.0 60 67.9 59 
5 2 0.75 nv 30 ave: 34 a 33 
6 2 0.50 ee 29 a 25 an 27 
th 2 0.10 32.8 26 44.0 - 24 Do 25 
8 2 0.05 33.2 22 44.4 23 53.9 24 

@ Jn view of other data obtained, this high value is probably in error. 
addition at the headbox or the fan pump in order to bypass SUMMARY 


the agitation of the beater, refiners, and cleaners. The ex- 
periments shown in Table VII, Figs. 5, 5a, and 5b were planned 
to study the possibility of overflocculating regular water 
dispersing titanium dioxide with alum and one of the new 
acrylic acid-type flocculating agents where agitation is 
omitted. 

The pigments were flocculated in the absence of pulp in 
order to secure results unaffected by fiber behavior. We 
were able to visually observe by microscopic examination of 
the agglomerates both before and after hand sheet preparation 
that we had increased the agglomerate size. After waiting a 
suitable time for maximum agglomeration to occur, the pig- 
ments were added to the pulp in the absence of starch and 
agitation, and handsheets were made of low basis weight 
25 |b. (25 X 40—500). The low basis weight was used in this 
experiment so that we might examine the agglomerate size in 
the resulting handsheets under the microscope. The curves 
show that it is possible to overflocculate titanium dioxide 
with alum alone. Combined with a special chemical floc- 
culant, the optical efficiency is reduced to an even greater 
extent. This loss of optical efficiency is most readily followed 
by determining the waxed opacity, since this depends almost 
entirely on the amount and condition of the titanium dioxide 
agglomerates. It can also be followed by determining the 
TAPPI dry opacity and dry brightness, although neither of 
these tests are as critical as the opacity. Since the waxed 
opacity is a general indication of the ink showthrough prop- 
erties of the paper, it seems likely that a paper manufac- 
turer can lose much of the advantages of titanium dioxide 
addition by overflocculation with the tools now available. 

It has been repeatedly proved that the maximum dispersion 
of titanium dioxide pigment gives the maximum opacity in a 
low pigment concentration oil system. However, in pre- 
dominately air interface systems, it seemed probable that a 
slight amount of flocculation might give superior dry opacity 
and dry brightness because of greater surface exposed to the 
air. Curve A in Figs. 5, 5a, and 5b was secured with a com- 
pletely dispersed titanium dioxide. You will note that under 
the conditions of our experiment it is inferior to the flocculated 
titanium dioxide curves B and C in dry opacity, dry bright- 
ness, and also waxed opacity. The poorer waxed opacity was 
surprising. It may be due to greater packing of the dis- 
persed pigment in the paper pores, or the flocculated pig- 
ments may be more efficient because they still retain some air 
within the agglomerated particle. 


Table VI. Effect of Temperature on Retention 


of Titanium Dioxide 


Chlorinated Temperature TiO2z TAPPI opacity, 
Expt starch, at flocculation, retention, _————% — 
no. % oP, % Unwaxed Waxed 
1 None 30 13 65.8 31.9 
2 None 77 12 65.0 Si 3) 
3 None 190 10 66.6 Sone 
4 3 35 7 O12 20.0 
iS 3 77 5 58.0 20.7 
6 3 190 3 55.4 13.8 
234 A 


The data in this paper indicate that: 


1. The concentration and the amount of reactants present | 


at the time of flocculation do affect the size, the resistance to | 


agitation and the resistance to dispersion by starch of the 
agglomerates, 

2. Severe agitation will markedly reduce the retention of 
titanium dioxide if starch is present. It does not markedly 
affect the retention in the absence of starch. Retention of 
titanium dioxide will increase as the time between flocculation 
and the wire is increased in the absence of starch. On the 
other hand, a loss of retention with time occurs in the pres- 
ence of starch. 

3. An increase in the clay content of the sheet did not ap- 
preciably change the retention of the titanium dioxide in the 
presence or absence of starch under the conditions of our 
experiments. Starch has a greater effect on the retention of 
titanium dioxide than on clay. 

4. The dilution of the furnish following flocculation did not 
change the retention appreciably in the absence of starch, and 
only reduced retention to a slight extent in the presence of 
starch. 

5. Increased temperature was found to change the retention 
slightly downward in the presence of starch, but had no ap- 
preciable effect in its absence. 

6. The optical efficiency of titanium dioxide can be seri- 
ously impaired by excess flocculation. A slightly flocculated 
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Fig. 4. Effect of temperature on retention of titanium 
; dioxide 
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Table VII. 


Effect of Flocculation Degree on Optical Efficiency of Titanium Dioxide 


Eee Retention 
Expt. Curve on TiOs, Te 
no. letter % % j 
Control a None None 
1 A None None 
2 A None None 
3 A None None 
4 A None None 
5 B 4.0 None 
6 B 4.0 None 
7 B 4.0 None 
8 B 4.0 None 
9 ate 8.0 None 
10 a, 8.0 None 
11 PS 8.0 None 
WP ee 8.0 None 
13 C 20.0 None 
14 C 20.0 None 
15 C 20.0 None 
16 C 20.0 None 
17 Cc 20.0 None 
18 D 20.0 0.4 
19 D 20.0 0.4 
20 D 20.0 0.4 
21 D 20.0 0.4 
22 D 20.0 0.4 
20 iH 20.0 0-8 
24 EH 20.0 0.8 
25 _ 20.0 0.8 
26 1D 20.0 0.8 
27 E 20.0 0.8 
28 de 20.0 2.0 
29 20.0 2.0 
30 ors 20.0 2.0 
31 ahs 20.0 2.0 
32 ie 20.0 2.0 
33 eS 20.0 4.0 
34 Se, 20.0 4.0 
35 sh 20.0 4.0 
36 Ad 20.0 4.0 
37 7 20.0 4.0 
38 F 20.0 8.0 
39 F 20.0 8.0 
40 F 20.0 8.0 
41 F 20.0 8.0 
42 F 20.0 8.0 


TiO2 

in TATE) 
sheets, brightness, -——TAPPI opacity, %—— 

% /o Unwazed Waxed 
None 82.4 iments 12.9 
0.6 83.7 58.9 19.0 
2.4 85.5 65.8 36.0 
4.2 86.4 (Akal 43.3 
9.1 87.6 1320 56.0 
0.7 84.4 59.9 22.2 
1.9 86.1 66.0 36.9 
3.2 86.8 70.1 43.7 
5.4 87.4 (ser 52.5 
ORG 84.0 61.4 22.9 
22 85.6 66.9 37.8 
3.4 85.3 71.8 45.3 
6.8 86.1 76.4 53.6 
0.4 83.2 60.3 19.1 
1.4 84.6 64.9 Sil 74 
2.5 85.3 69.0 39.3 
3.5 85.7 ies 45.1 
5.5 86.7 74.2 49.7 
0.6 84.0 60.3 19.9 
1.5 84.8 63.2 28.4 
2.9 85.8 68.6 38.9 
4.0 85.9 69.9 42.6 
6.9 86.5 75.4 Silent 
0.4 83.6 58.9 16.1 
1.0 84.0 60.7 22.1 
21 84.6 63.6 29.8 
3.1 85.3 67.0 36.9 
6.4 86.7 74.1 50.1 
0.3 83.7 58.9 16.3 
1.0 84.0 60.7 20.6 
2.0 84.1 63.0 26.4 
2.9 84.3 63.6 31.0 
6.1 86.4 72.6 47.6 
0.4 82.9 57.4 eet 
0.9 83.5 59.2 20.5 
1D 84.1 63.0 28.3 
2.9 83.8 65.1 33.6 
5.5 86.6 69.7 43.4 
0.6 82.9 57.9 16.2 
1.0 83.3 60.1 20.8 
1.6 83.2 61.6 2529 
3.8 84.0 65.1 34.9 
6.0 85.1 70.0 43.3 


pigment was more efficient optically than a dispersed one 
under the conditions of our experiment. 

The data presented indicate that the paper manufacturer 
can materially change his titanium dioxide retention by select- 
ing the conditions of the flocculation and point of pigment 
addition. It also indicates that he now has the tools to se- 
cure a degree of flocculation that is so great that the optical 
efficiency of the pigment is impaired. There is a Maximum 
pigment agglomerate size one can use without loss of optical 
efficiency. The pulp hydration, basis weight, suction, and 
other mechanical factors decide the retention attainable with 
this optimum agglomerate size. It seems probable that 
every paper machine has a maximum ‘one pass’’ retention 
which cannot be exceeded without a serious loss of optical 
efficiency. 


MATERIALS AND METHODS 


The pulp used throughout this study was bleached sulfite 
secured from a west coast supplier. For the purpose of 
laboratory control, distilled water was used in all tests. The 
pulp was beaten in a Noble & Wood cycle beater at a 40% 
consistency to a freeness of 32°S.-R. All paper was made on 
a Noble & Wood sheet machine. Basis weights given are for 
a standard TAPPI ream, 25 X 40—500, on an oven-dry basis. 
Unless otherwise specified, all handsheets were made at a 
50-lb. TAPPI ream basis weight. 

The order of addition of the various materials, unless other- 
wise specified in the individual sections of this study, was pulp, 
followed by the pigment, starch, and alum. The order of 
addition of retention aids is discussed in the sections where 
used. 
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The starch used was a commercial grade of chlorinated 
cornstarch, cooked at 20% solids in water at 185°F. for 5 
min. after clarification. 

Where agitation of the furnish was included, this was ac- 
complished with a Williams heavy-duty stock breaker before 
transferring the furnish to the proportioner for further dilution. 
After thorough mixing in the proportioner, 8 by 8-in. hand- 
sheets were made with further dilution in the deckle box to 
0.03% pulp consistencies. These sheets were then calendered 
at 500 lb. per lineal in. at 180°F. 

Except when investigating the effect of temperature on 
titanium dioxide flocculation, all evaluations in this study were 
carried out at 75°F. + 3°. 

The titanium dioxide pigment used in this study was reg- 
ular water dispersing type. The pigment content in the 
sheets was determined by ashing and weighing against un- 
pigmented control ash figures, except where clay filler was 
used. In this instance the sheets were ashed, and the ash 
was analyzed for titanium dioxide content by colorimetric 
methods. Pigment retention was calculated from the weight 
of titanium dioxide added and the weight retained. 

TAPPI Standard T 452 m-48 was used to determine all 
brightness data with a G.K. brightness tester. Opacity values 
were determined on a Bausch & Lomb Opacimeter under test 
conditions specified in TAPPI Standard T 425 m-44. To ob- 
tain waxed opacity and waxed brightness data, all sheets were 
dried and immersed for 6 min. in a paraffin-microcrystalline 
wax blend (70% paraffin, 30% microcrystalline wax) at 
205°F. + 5° to the point of saturation. Excess surface wax 
was then removed by passing the sheets between heated 
pressure rolls. 
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Fig. 5. Effect of flocculation degree on optical efficiency of 
titanium dioxide 


Effect of Concentration (Tables I, IT, Ila, and Figs. 1, 2, 2a, 
2b, 2c) 


The effect on titanium dioxide retention obtained by floccu- 
lating pigmented systems at concentrated and dilute slurries 
was studied. Furnishes of 4.0 and 0.5% pulp consistencies 
were chosen for this study to represent two areas in a mill 
furnish where titanium dioxide might be introduced to the 
system and flocculated, i.e., at the beaters or near the headbox 
prior to going to the wire. The titanium dioxide (7% on 
the o.d. pulp) was flocculated with 2% alum on the o.d. pulp, 
both in the presence and absence of chlorinated starch. Since 
all additions were made at the same percentages on the o.d. 


TAPP! BRIGHTNESS 
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Fig. 5a. Effect of flocculation degree on optical efficiency 
of titanium dioxide 
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Fig. 5b. Effect of flocculation degree on optical efficiency 
of titanium dioxide 


pulp, the furnish at 4.0% consistency represents one in which 
the reactants were eight times more concentrated than that in 
the furnish at 0.5% pulp consistency. Thirty minutes agita- 
tion in the high-speed stock breaker was employed with all 
furnishes throughout this phase of the study. Handsheets 
were made at various time intervals, up to 5 hr. and tita- 
nium dioxide retention data were obtained by ashing (Table I 
and Fig. 1). The effect of concentration at flocculation was 
also investigated in the alum addition study (Tables II and 
Ila, Figs. 2, 2a, 2b, and 2c). 


Effect of the Amount of Alum Addition (Tables IT, Ila, and 
Figs. 2, 2a, 2b, 2c) 

Variations in the amount of alum added to furnishes at 4 
and 0.5% consistencies were investigated for the resultant 
effect on titanium dioxide retention and optical properties. 
The 7% titanium dioxide addition level was used throughout, 
both with and without chlorinated starch (2% on the o.d. 
pulp). Alum was added to the furnishes from a 4% solution 
to the various addition levels on the o0.d. pulp. No agitation 
was performed after the alum was incorporated under low- 
speed paddle mixing. Flocculation was effected at the high 
(4%) and low (0.5%) concentration levels. pH readings were 
obtained with a Beckman pH meter on all furnishes after 
alum addition. Titanium dioxide retention data were again 


Table VII. Summary—Factors Which Influence 
Retention and Optical Efficiency 


Effect on agglomerate size of TiO2 
h 


Variable No stare. With starch 

1. Increased agitation Little effect Decrease 

2. Increased time Increase Decrease 
3. Increased amount and/or 

concentration of: 

(a) Alum Increase Increase 

(b) TiO, Increase Increase 

(c) Starch Mare Decrease 


obtained by ashing the finished handsheets. Average TAPPI 
brightness values and TAPPI opacities, waxed and unwaxed, 
were also obtained from the sheets. Data from the furnishes 
flocculated at the 0.5% consistency level appear in Table 18f. 
and are plotted in Figs. 2 and 2a. Data obtained at the 4% 
consistency level appear in Table Ia and Figs. 2b and 2e. 
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Effect of Agitation and Recovery Time (Table TH, Fig. 3) 


,; In this phase of the study, the effect on the pigment reten- 
tion of agitating the flocculated titanium dioxide was ob- 
served. This investigation was carried out in the presence of 
2% chlorinated starch on the pulp as well as without starch. 
The digestion or recovery cycle after agitation was also ob- 
served. The titanium dioxide addition was constant at 7%, 
and the pulp consistency was 0.5% at the time of flocculation 
by 2% alum addition. Agitation was accomplished by high- 
speed mixing in the stock breaker for a period of 30 min. after 
alum addition. Identical furnishes were also made with no 
agitation after flocculation for comparison at the various re- 
covery time intervals, from 10 min. to 5hr. Titanium dioxide 
retention data were obtained by ashing and plotted against 
recovery time (Table III and Fig. 3). 


Effect of Clay Addition (Table IV) 


Paper handsheets were made in this phase at 50-lb. basis 
weight with and without 2% chlorinated starch on the o.d. 
pulp at a constant level of titanium dioxide addition (7%), 
Filler clay addition varied from 0 to 200% on the o.d. pulp. 
The entire furnish was agitated in the stock breaker for 
15 min. after flocculation with 2% alum on the o.d. pulp at 
0.5% pulp consistency. The titanium dioxide content in the 
sheets was determined colorimetrically and the clay content 
was determined by ash difference, allowing for moisture loss on 
ignition of the clay. The per cent retention of these pig- 
ments was calculated, and waxed and unwaxed opacities were 
read (Table IV). 


Effect of Water Dilution (Table V) 


To study the effect on the floeculated titanium dioxide when 
diluted further with water, furnishes were made at 2, 7, and 
15% titanium dioxide addition levels to the o.d. pulp. Floc- 
culation was accomplished by the addition of 2% alum on the 
pulp at a pulp consistency of #/;%, both with and without 2% 
chlorinated starch on the pulp. The furnishes were agitated 
for 15 min. after flocculation with alum. Handsheets were 
made with this material at the */,% consistency level at the 
wire. By successive dilutions of this furnish with distilled 
water, sheets were made at 0.5, 0.1, and 0.05% consistencies. 
Per cent retention of the titanium dioxide was calculated, 
and waxed opacities of the sheets were obtained (Table V). 
In the sheets made at the heavier consistencies, poor formation 
prevented obtaining meaningful opacity readings. It was 
not possible to make handsheeets from furnishes with con- 
sistencies above 3/;%. 


Effect of Temperature (Table VI, Fig. 4) 


In order to observe the effect of temperature on flocculation 
of titanium dioxide and the resulting retention, it was neces- 
sary to deviate slightly from the normal laboratory method of 
making handsheets. In this portion of the study, the tita- 
nium dioxide was preflocculated by the addition of alum in a 
separate container from the pulp slurry. The concentrations 
and relative amounts of titanium dioxide, alum, and starch 
in water were chosen to represent those found in a furnish 
at 1% pulp consistency with an addition of 20% titanium di- 
oxide on the o.d. pulp, and containing 2% alum and 3% starch 
on the dry pulp. The required amounts of pulp and distilled 
water were agitated on the stock breaker for 20 min. before 
further dilution in tlhe proportioner so as to produce a final 
sheet weight of 25-Ib. basis weight. The required volume of 
this slurry was added to the deckle box, to which a given vol- 
ume of the preflocculated titanium dioxide slurry was added. 
Preflocculation of the titanium dioxide was carried out at 
35, 77, and 190°F., and the slurries were held at these temper- 
atures for 15 min. before handsheets were made. Titanium 
dioxide retention data and TAPPI opacity, waxed and un- 
waxed, are tabulated in Table VI and plotted in Fig. 4. 
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Effect of Flocculation Degree on Optical Efficiency of TiO 
(Table VII, Figs. 5, 5a, and 5b) 


In this phase of the study it was again necessary to deviate 
from the normal laboratory method of handsheet analysis. 
Titanium dioxide flocculates of increasing size were formed 
from dilute dispersions of titanium dioxide in distilled water 
by the addition of small quantities of alum and increasing 
amounts of a retention agent.* The range of flocculate size 
was observed by eye and under a microscope, and was found 
to increase directly with the increase in amount of alum and 
retention agent used. Portions of these slurries were added 
to dispersed pulp in the deckle box to yield 25-lb. basis weight 
sheets, with titanium dioxide contents ranging from 0 to 7% 
as determined by actual ashings. Average TAPPI brightness 
and opacity readings, waxed and unwaxed, were determined 
on these sheets and plotted against the actual titanium dioxide 
content in the paper to give families of curves with varying 
titanium dioxide flocculate size (Figs. 5, 5a, and 5b). For 
clarity, a few of the intermediate curves were eliminated. 
Data on these curves, however, appear with those plotted in 
Table VII. 


* A sodium salt of acrylic acid, a type in general use in paper mills today. 
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A Suggested Method for Reporting the 
Quality of Newsprint Paper 


ALFRED S. TAYLOR 


Since November, 1957, the American Newspaper 
Publishers Association Research Institute has been testing 
newsprint in an effort to isolate those physical properties that 
determine printing quality. This program was instituted by 
the publishers to learn more about their basic raw material— 
newsprint. To date, approximately 1200 rolls of newsprint 
have been tested. Samples from these rolls came from news- 
papers selected to give adequate mill coverage and a wide- 
spread geographic location. Initially, these samples were ob- 
tained from seven newspapers. At the present time, 79 news- 
papers are working with us. 

The planning and instrumentation of this program began in 
May, 1957. From May until November we were testing in- 
struments, installing air conditioning equipment, perfecting a 
sampling technique, adapting the IBM system to our data, 
selecting newspapers which would work with us, fitting their 
samples into a schedule, establishing our testing procedures, 
and taking care of the many details that precede such an ex- 
tensive program. 

The testing procedures that we follow are based, for the 
most part, on standard TAPPI Methods; and the instru- 
ments that we use are all commercially available. We have 
done this in order that the newsprint manufacturers may 
readily continue these studies of newsprint properties in their 
own plants. Our Laboratory is open on any working day and 
we have already had many visitors from the newsprint in- 
dustry. We do not claim that this program is perfect; but, 
insofar as we know, it is the only one of its kind in operation 
today. We would like to improve it, and we welcome con- 
structive criticism. 


Aurrep S. Tayuor, ANPA Research Institute, Inc., Easton, Pa. 
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Fig. 1 


The effect of smoothness, hardness, and brightness upon 
printing quality has been known for many years. Quite a 
few researchers have pointed out how these properties affect 
appearance of the printing. Our claim to uniqueness lies in 
the application of a statistical tool called ‘multiple regression 
analysis” and the fact that we have determined quantitatively, 
perhaps for the first time, the relative importance of these 


consider what this would have 
we made ten readings per roll. 
25 different tests. 
be reporting 12,000 results per test, or about 300,000 observa- 
tions in all. 
more practical method of reporting our findings. 


The method of reporting, therefore, had to meet certain 


meant. For most of the tests 
At one time we were making 
Since we tested about 1200 rolls, we would 


This would be ridiculous. We had to devise a 


properties upon the printing quality of newsprint. Based on criteria. These are: 

a study of 600 newsprint samples representing 53 manufac- 

turers, the results show statistically that approximately 30% 1. It must present useful data only. 

of the variation in printing quality as measured by the 2. The data must be complete. 
Larocque (1) proof press test is due to changes in smoothness, 3. 7 data must be presented in small chunks for easy diges- 
and 107% each, to changes in hardness and brightness. De- 4, iedieinal rolls must be readily identifiable to the news- 
tails of our findings, including the correlation coefficients for papers that send them. 

different pairs of properties, selected scatter diagrams, descrip- 5. ‘The format of the report must be of such a style that it can 


tion of the instruments, tests and test procedures and a sum- 
mary of the statistical approach appear in the May, 1959, 
issue of Tappi (2). 

Perhaps the most perplexing problem that we had to solve 
after getting the program into operation was that of reporting 
the data. One might suppose that it would be sufficient to 
report the measurements as we made them. However, let us 


SeaESIIED 


be readily understood by people with technical backgrounds 
as well as those with nontechnical backgrounds without 
oral instruction or briefing. 

The format must lend itself easily to written explanation. 
The method must permit easy up-dating. 

Reference planes must be available for comparison. 

And finally, the report must be of such an inconvenient 
size that it will not be easily lost in someone’s filing cabinet. 
This is the only requirement that presented no problem. 
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Fig. 3 


The method of reporting is a graphical representation of 
selected test results by means of a device known as a vari- 
chart. This chart which we shall later on examine in detail is 
a simple way to present multiple test results so that they can 
easily be understood. (This is one of the criteria that the 
method of reporting had to satisfy.) For those who desire (or 
require) more information than is available from the chart, we 
can supply complete data sheets for each of the 1200 rolls 
tested. These data sheets, which are prepared on IBM 
machines, show the maximum, minimum, and average read- 
ings for every test made on a roll. 

Figure 1 shows the chart as we print it. On the top we 
have spaces for the name of the mill, the name of the news- 
paper to which it was sent, the period covered by the samples, 
and the side of the paper for which results are shown. In 
the lower left-hand corner is given the number of samples 
used in calculating the average value for each property, the 
number of mills represented by these samples, and the year in 
which the samples were tested. At the bottom we also show 
the number of newspapers from which the samples were 
collected. For a given mill this may vary from one to six. 

Down the left-hand side of the chart we place the test code, 


or sample number, assigned to the sample when it is opened 
for testing. This number identifies the sample. One chart 
represents all of the samples for a given newsprint mill as re- 
ceived from several newspapers. On the charts which we 
send to the newspapers working with us, we identify by means 
of a red check-mark the particular samples which were contrib- 
uted by that newspaper. The test values that we show are 
Larocque proof press printability, Bendtsen smoothness, 
Bendtsen hardness, brightness, opacity, basis weight, and 
Elmendorf tear as measured across the machine direction. 

Since the present phase of our program is concerned only 
with the printing quality of newsprint, we have placed printing 
quality first on the chart. Smoothness, hardness, and bright- 
ness follow since it has been shown by statistical analysis that 
they contribute significantly to printing quality. Opacity is 
shown primarily because of its effect upon showthrough. 
Basis weight is shown because of its economic importance. 
We show Elmendorf tear because of its possible relationship 
to pressroom performance. 

For each of the properties shown except basis weight, im- 
provements occur as the test values move to the right on the 
chart. 
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There is one other part of the chart that needs explana- 
tion. The LPD or “Least Perceptible Difference’”’ scale for 
each property shows the smallest incremental difference that 
is significant. In the case of the Larocque proof press test, 
the LPD has been defined by Larocque as approximately 
0.5%. This is the smallest difference that can be visually 
observed. With respect to smoothness, hardness, and bright- 
ness, we define one LPD as that change in the property neces- 
sary to produce one LPD change in Larocque proof press 
printability. These values were obtained from a statistical 
analysis of the data. Unlike the previous properties, the 
LPD for opacity refers to the least difference which is visible 
to the unaided eye. It does not relate to Larocque print- 
ability. 

A chart of this type is prepared for each newsprint mill for 
which we have ten or more samples. At the present time, we 
have such charts for 45 mills. 

With this knowledge of the chart, let us look at Fig. 2. On 
this chart we have added, for each property, a line of short 
dashes at the numerical mean of 500 samples. These are the 
samples obtained from 53 mills tested in 1958. 

In Fig. 3 we have added two lines of long dashes strad- 


Fig. 5 


dling the first line. 


of the samples for that particular property. These two lines 
do not represent statistical limits; they are merely the numeri- 
cal mean of the best and poorest samples. 

Now that we have an average line and lines representing the 
best and poorest samples, let us examine the findings for a 
given sample. In Fig. 4 the findings are represented by a 
horizontal ‘‘test line.” This test line shows three different 
values of the results for each test. These are: the best (to 
the right), the poorest (to the left), and the average test value. 
The best is represented by the end of the line to the right; the 
poorest, by the end of the line to the left, and the average, by 
a short vertical dash through the test line. Note that to 
read this chart we read across in the horizontal direction. 

The position of the test line with respect to the average of 
all 500 samples and with respect to the best and poorest 5%, 
makes it possible to compare any sample against all the 
others. The length of the line indicates the variability of the 
sample for this particular property. 

Now that we have examined the construction of the chart, 
let us see what a few actual charts look like (Fig. 5). Let us 
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The line to the right of the center line 
represents the best 5% and the line to the left, the poorest 5% | 


NEWSPRINT TEST RESULTS 


ANPA Research Inotitute, Inc. 
Mee tee 


Wire side chart for the period from: NOV. 1937 to: JUN 
Test averages are based on 10 readings per sample for all texts except 
primtability which is based om S readings per sample. 
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first examine the printability section. In the case of this 
supplier, note how most of the samples fall to the right, 1.e., 
are better than the average line. Note also the change in 
position, with respect to the average line, from sample to 
sample. See how the length of the test lines change, indi- 
cating that certain samples are much more uniform than 
others. These samples were collected from five newspapers 
over 19 months, i.e., from November, 1957 to June, 1959. 

In the section on smoothness, the same situation prevails. 
For the most part, the long test lines in the printability sec- 
tion are associated with long lines in the smoothness section, 
indicating the interrelationship of these two properties. There 
are some exceptions, which is only to be expected. Our 
statistical analysis tells us that the coefficient of correlation is 
about —0.7. 

Looking at Bendtsen hardness and remembering that our 
correlation coefficient tells us that softer papers will yield 
better printing results, we are not surprised to find that most 
of the samples fall to the right, or on the soft side, of the 
average line. 

For brightness the same situation prevails. Although the 


samples tend to cluster around the average line, they generally 
lie to the right or the brighter side. 

Figure 6 is another actual chart. In this case, the pendu- 
lum has swung the other way. For printability, all of the 
samples lie to the left, or below the average Jine. Some of 
the samples test even poorer than the lowest 5% of the 500 
samples. Variations from one sample to another are also 
quite pronounced. This can be expressed in terms of LPD’s 
or least perceptible differences. There are 31 LPD’s between 
the best and poorest samples on this chart. There were only 
19 LPD’S between the best and poorest on the previous 
chart. Likewise, for smoothness, hardness and brightness, 
the test measurements lie generally to the left of, i.e., below 
the average line. 

These charts cover a product known in the trade as “stand- 
ard 32 lb. newsprint paper.’’ Yet, there is an obvious and 
measurable difference between them. One has a tendency to 
be generally good, the other. . .? 

In some eases, the samples from a given mill are neither 
consistently good nor poor, but vary widely in printability. 
The values obtained in Fig. 7 ranged from the very best to the 
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Fig. 9 


poorest in printability. This is the widest range of quality 
which we have encountered and represents 34 LPD’s of 
printability. Again, all of these samples were purchased as 
“standard newsprint.’’ 

Figure 8 is the last chart we shall examine. This mill is 
among the best. The printability generally lies well above 
the mean. The smoothness is uniform—a factor of con- 
siderable importance from a pressroom operating standpoint, 
since it permits a more level ink setting (and better reproduc- 
tion) throughout an edition. Of interest are the pronounced 
variations in brightness which tie in with similar variations in 
opacity, i.e., the brighter samples tend to be less opaque. 

Figure 9 shows one of our IBM data sheets. It gives all 
the test results for one sample from a single roll of newsprint 
and contains the following information. 


Our code number for the mill. 

Our code number for the newspaper. 

Quality rating by newspaper. 

The sample number which we call Test Code. 
The identifying number for each individual test. This 
we call Test Number. 

Average reading. 

Minimum reading. 

Maximum reading. 

Date printed at newspaper. 

Roll number. 


— 
SOOND oyoorr 


Items 9 and 10 are not shown in Fig. 9. They are, however, 
now being placed on the IBM data sheets. These sheets are 
available at our cost to any mill requesting them. The cost is 
25¢ per set of duplicate sheets. 

The current emphasis on proof press printing, smoothness, 
hardness, and opacity for the numerical evaluation of news- 
print quality and the foregoing charts as a suggested method 
of reporting printing quality, raises the broader question 
about the purpose of such tests and the role which quality 
evaluation plays in the progress of any industry. 

Let us go back to December, 1936, and hear what the late 
Christian Bendtsen, (3) a pioneer of newsprint testing, had to 
say on this subject. 


“The absence of a clear definition of newsprint quality has un- 
doubtedly been felt equally keenly by manufacturer and consumer 
alike. Everyone who has had to do with the buying or selling, 
production or consumption of newsprint knows the disconcerting 
feeling that seizes one when facing certain complaints and diffi- 
culties, the real nature of which is as obscure as the actual causes 
often appear difficult to ascertain.” 
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Mr. Bendtsen went on to say, 


“By the term, ‘definition,’ relative to newsprint quality is not 
meant a mere verbal description, such as I must perforce give you 
today, nor, still less, a description framed in sentimental sub- 
jective phrases. In this as in other cases of quality description, 
it would be desirable if the various properties that newsprint 
should possess could be formulated in an exact technical termi- 
nology, and, moreover, that a system of figures be devised where- 
by these properties could be expressed in a simple and easily re- 
producible manner.” | 

| 


To this I would only add that the improvement of printing 
quality would seem to be a mutual problem for the mill and 
newspaper. Newspapers face today competition from a 
powerful new medium which did not exist in 1936. This (and | 
other forms of competition) has reduced the newspapers’ | 
share of total advertising from 45% in 1935 to 30.6% in 1959. | 
The trend may well continue. This is the reason why news- 
papers need clean, crisp printing, and illustrations which are 
attractive to the advertiser and to the reader. If we are to 
stem the drift of advertising to other forms of communica- 
tion, we must have better printing. If we are to have this | 
better printing, the mills and the newspapers must work to- | 
gether. 
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Experiences with a Small Conical Refiner 
JAMES L. McANDIE 


In December, 1958, the 200 h.p. no. 6 “‘stock-maker” in 
the Morden Machines Co. stock preparation pilot plant was 
replaced by a new size and model stock-maker, the 60 h.p. no. 
2.5 “HD.” This smaller conical refiner was especially de- 
signed for pilot plant and small commercial installations. 
Although it embodied several design improvements, the 
refining principle remained identical to that of the no. 6 
stock-maker (see Fig. 1). 

This principle is based upon the unique ‘reverse-flow” 
feature of the stock-maker. Stock is pumped into the inlet 
chamber where it enters the inside of the hollow rotor. The 
rotor pumping vanes increase the pressure by approximately 
30 p.s.i. at the large end of the rotor. Here the stock enters 
the treatment zone and flows between the refining elements 
to the small end of the rotor. The normal pumping action of 
the rotor filling bars causes a pressure of approximately 25 
p.s.l. against the flow of stock. The stock then leaves the 
outlet chamber of the refiner at a pressure of 5 p.s.i. higher 
than the inlet pressure. The opposing internal-flow pressures 
constantly hold a full cushion of stock between the rotor and 
shell bars, thus minimizing the possibility of fiber abuse. 

The pilot stock-maker has opened up new horizons for 
refiner testing in our laboratory: (1) the smaller stock flow 
requirements allow much greater hydraulic variations with 
existing pumping and storage capacity, (2) the ease of rotor 
and shell removal make possible frequent inspections of bar 
conditions and the greater economy of manufacture of the 
smaller filling elements permits the evaluation of many ex- 
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Fig. 1. Morden “‘Stock-Maker’’ Model ‘‘HA’’ 


perimental filling designs, (3) a V-belt drive permits the study 
of a variation in rotor speeds. 

Following installation and break-in of a set of standard 
bronze fillings (#/s-in. wide bars), a testing program was 
launched to determine the effects of the physical variables 
which may affect any refiner installation. 


MORDEN PILOT PLANT OPERATION 


Discussion of the results of this testing program should be 
preceded by a brief discussion of the operation of the refiner 
(Fig. 2). 

The pulp, a western Canadian bleached kraft throughout 
this phase of the program, was repulped in the pilot “slush- 
maker.” After complete defibering, the stock was pumped 
through the refiner and returned to the slush-maker tank. 
The throttling valves were adjusted to provide the desired 
flow and pressure conditions, the refiner shell was set up on 
the rotor to the desired initial power setting, and timing of 
the test was started. Samples of the refined stock were taken 
at given time intervals, and the test continued until a freeness 
level of 100 cc. or less was achieved, wherever possible. 


Evaluation of Results 


Testing Methods.—All testing was done on basis of TAPPI 
Standards; physical testing as outlined in TAPPI Standard 
T 220 m-53 (Physical Testing of Pulp Handsheets), and 
Canadian Standard freeness testing as outlined in TAPPI 
Standard T 227 m-50 (Pulp Freeness). Terms are defined as 
follows: 


PILOT "STOCKMAKER™ 


Fig. 2. Morden stock preparation pilot plant 
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— ——- FILLINGS DAMAGED BY OVERLOADING 


SAME FILLINGS AFTER EIGHT HOURS 
OF PROPER OPERATION 


PER CENT BURST 
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Fig. 3. Effect of bar condition 


Basis Weight: Pounds per 500 sheets, 25 x 40 in. (moisture- 
free basis). 

Per Cent Burst (Mullen): Obtained by dividing the bursting 
strength times 100 by the basis weight, where bursting strength 
is expressed in pounds per square inch. 

Tear Factor: Obtained by dividing tear resistance by the 
basis weight, where the tear resistance is defined as the force in 
grams to tear a single sheet. 


Testing Evaluation.—Freeness, burst, and tear data were 
plotted against time, then burst and tear values at given 
freeness levels were determined for comparative study. It 
should be noted at this point that the glaring weaknesses in 
the freeness test, as such, are readily admitted—particularly 
its inability to differentiate between brushing and cutting 
and/or degree of each attained in a sample. It was felt that, 
in spite of the above shortcomings, definite and reasonably 
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TEAR FACTOR 


LOW POWER SETTING 


HIGH POWER SETTING 


PER CENT BURST 
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Fig. 5. Effect of power setting 


accurate trends could be established for a given type of pulp 
and refiner tackle. In order to maintain a close check on 
freeness-based results, microscopic study was used, and more 
recently, a fiber classifier was put into use. 

In order to further broaden the base of comparison, con- 
sumed power, expressed in horsepower-hours per ton, was 
plotted against per cent burst as well as against Canadian 
Standard freeness. 


DISCUSSION OF RESULTS 


Variables studied which showed a significant effect on the 
results of refining were: (1) condition of filling bars, (2) power 
setting—bar pressure, (3) rotor speed, and (4) consistency. 


Condition of Filling Bars 


This was,found to be the most important single factor in 
terms of the physical results attained during the refiner run. 
The fillings were severely overloaded for several hours. 
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Fig. 7. Effect of rotor speed 


The bars, which normally had slight trailing edge burrs and 
dull leading edges, were found after this run to have developed 
extremely sharp trailing edge burrs and fairly sharp leading 
edge burrs. 

A standard test was then run, followed by a total of 8 hr. 
of normal operation, then a second standard test. After this 
second test, the bars were found to have returned to a normal 
condition. 

The results from these two tests are shown in Figs. 3 and 4. 
The excessively sharp bars caused a 20% drop in per cent 
burst, 11 to 15% drop in tear factor and a 55 to 62% increase 
in horsepower-hours per ton to an equal burst value in the 
range where comparison may be made. 


Power Setting (bar pressure) 


Two initial power settings were used—40 and 50 h.p. (Figs. 
5 and 6). Forty horsepower was found to be the lowest 
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Fig. 8. Effect of rotor speed 
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TEAR FACTOR 


PER CENT BURST 
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Fig. 9. Effect of consistency 


setting practical in obtaining results within a reasonable 
length of time, and 50 h.p. proved to be fairly close to the 
maximum allowable before the bars would break through the 
fiber film and run metal to metal. 

The lower power setting produced 10 to 18% higher burst 
and, generally, about 10% higher tear factor. The lower 
power setting also required from 8 to 20% less horsepower- 
hours per ton to reach a given burst value. 


Rotor Speed 


Speeds of 1340, 2060, and 2590 r.p.m. were run at power 
settings which gave an equal net average applied horsepower. 
The 2060-rate is the equivalent of 900 r.p.m. in a no. 6, 150 
hp., stock-maker and is considered the standard operating 
speed. 

The high speed resulted in appreciably higher burst and 
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slightly higher tear than the standard, while the low speed 
produced an opposite trend (see Fig. 7). 

The low speed tests required considerably more horsepower- 
hours per ton to a given burst level than did the standard test. 
The high speed tests also required more horsepower-hours per 
ton than the standard. The no-load power consumption of 
the high speed tests was extremely high and consequently 
counteracted the superior burst development noted (see 
Fig. 8). 


Consistency 


Two, four, and six per cent airdry consistencies were tested. 
Little difference was noted between 4 and 6% as far as burst 
and tear are concerned; but 2% showed considerably higher 
burst and lower tear factor (Fig. 9). 

Little difference in efficiency was noted between 2 and 4% 
with 6% requiring considerably less power to reach a given 
burst level, up to a value of 120 (Fig. 10). 


SUMMARY 


It has been established that, other factors being equal, 
tackle condition can have a tremendous effect on results of 
refining. The critical nature of this condition is emphasized 
by the fact that the fillings used in the small refiner, when at 
their worst condition as far as results were concerned, ap- 
peared to be in much better condition than many of the com- 
mercially used fillings which have been inspected. It has 
also been established that refiner power setting has a consider- 
able effect on physical results of the refining—especially when 
the maximum load-carrying ability of the pulp is reached, and 
that, to a considerably less degree, stock consistency and 
rotor speed have an effect on refiner results. 


Recervep Aug. 11, 1959. Presented at the 10th Testing Conference of the 
Technical Association of the Pulp and Paper Industry, held in Portland, 
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Lateral Forces on Pulp & Paper Mill 
Structures 
JOHN H. BRINGHURST, JR. 


Tur purpose of this paper is to discuss the probable 
lateral forces that pulp and paper mill structures may have 
to carry. Lateral forces, unlike vertical loads, or weights, are 
not readily apparent and in many instances are of infrequent 
application. Structures must, however, be designed to resist 
or carry such forces when they do occur, as these forces are 
just as “real” as applied vertical loads. Lack of provision in 
structural design to carry such forces may lead to excessive 
deflection and distortion of a structure or structural member, 
to objectionable vibration and movement, and even to struc- 
tural collapse. 


WIND FORCES 


Perhaps the most universally recognized and least under- 
stood lateral force is the force due to wind pressure. The 
effect of wind forces on the sizing of the individual members 
in a structure is probably not realized by any but the struc- 
tural engineer or others who have been closely associated with 
the structural design of a mill. As size of structural element 
and cost are directly proportional, it is important that man- 
agement officials have an understanding of this important 
force and its effect on building frame costs. 

Two basic cyclonic effects produce wind forces. The most 
violent and the most concentrated of these is the tornado, 
which generates wind velocities well above the measuring 
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capacity of weather instruments. The force of these veloc- 
ities (possibly approaching 500 m.p.h.) is of such extremely 
high magnitude that it is practically impossible to design 
structures throughout a plant strong enough to withstand 
tornadoes. This should not be construed to mean that in 
areas subject to tornadic winds all lateral wind forces should 
be neglected, and a zero wind force design used. Provision 
for a reasonable wind force may mean the difference between 
minor loss and major damage in event of a near-miss by a 
tornado. Recognizing this possibility, and its effect on saving 
of human life, building code authorities provide for a minimum 
wind force which must be used in structural design. 

Hurricanes are the second important cyclonic effect which 
produce large wind forces. These storms cover extremely 
wide areas with wind velocities up to 140 or 150 m.p.h. They 
are extremely devastating in our coastal areas, and in recent 
years seem to be changing their traditional patterns and visit- 
ing inland locations heretofore free from these storms. As 
violent as these winds may be, they are still within the range 
of economical structural design to carry their lateral pres- 
sure forces. Gales and lesser winds, of course, fall in this 
range, also. 

Much thought has been given by many engineers, insurance 
companies, building code authorities, and governmental 
agencies to the force of winds on buildings and structures. A 
digest of some of these is contained in Appendix A and B. 
From these it will be noted that there exists a lack of uni- 
formity in converting from wind velocity to wind pressure as 
well as lack of uniformity between various building-code au- 
thorities as to minimum design wind pressures. 

There does exist reasonably close agreement between the 
American Standards Association’s, the Bureau of Yards and 
Docks’ and Dryden and Hill’s pressure velocity formulas. 
The writer recommends that either of these be used. For the 
normal height range of paper mill structures, the Dryden and 
Hill formula 


P = 0.00256 V2 


is simple to use and is probably well within the accuracy of 
either record wind velocities or assumed wind velocities. 
Weather Bureau velocities, giving the greatest 5-min. aver- 
age speed, should be multiplied by a gust factor of 1.5 “‘to 
account for gust speeds that are not picked up as a direct 
reading on the recording instrument.’”! This gust factor is 
extremely important and very easily overlooked. 

Design wind forces must also comply with the legal require- 
ments of minimum wind pressures contained in controlling 
building codes. These should be consulted. Almost all codes 
also state that “no allowance shall be made for shielding effect 
of other buildings.’’”2 

Having considered briefly this matter of wind pressure 
force on structures, the following tabulation, taken from simi- 
lar actual structures designed for different wind forces, will 
give an indication of the effect that this force may have on 
building frame costs. 

For bleach plant “B,” with a volume of approximately 
650,000 cu. ft. this makes a difference in frame cost of about 
$26,000, depending on the plant location between an area 
where winds of 88 m.p.h.? maximum gust velocity and 108 
m.p.h.* maximum gust velocity may be expected. 

If this is extended to a one-machine pulp and paper mill 
with a total volume of buildings of 9,000,000 cu. ft., and if the 
unit frame cost difference is presumed to be $0.02 per cu. ft. 
(as many structures are not so tall as a bleach plant), this 
could make a dollar difference in structual cost of $180,000. 
With such possible economic differences as this, the required 


1 New Standard Wind Load Requirements, J. P. Thompson, Hng. News 
Record, p. 34 (Feb. 14, 1957). 

2 National Building Code, p. 111 (1955). 

34 Based on Dryden & Hill P = 0.00256V2. Note that maximum gust 
may be 1.5 times the maximum average 5-min. velocity recorded by the 
Weather Bureau. 
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Str. 
steel 
Wind Str. cost, $/ 
load, steel, cu. ft. 
Building Size 1b./sq. ft. 1b./cu. ft. 3850/ton 
Bleach 
plant ‘‘A”’ 141.5 X 62 X 20 1.26 0.22 
aeee 91.5 high 
e€ac. 
plant ‘“B” 112 XK 62 X 30 1.50 0.26 
94 ft. high 


Difference =0.04/cu. ft. 


wind pressure for design purposes becomes of immediate im- 
portance. Briefly, underdesign in wind load may endanger 
continued production and hence could prove very costly, 
while overdesign will waste money in unneeded strength. 


EARTHQUAKE FORCES 


The next major possible lateral force on mill structures, and 
one that in certain geographical areas may exceed wind force, 
is the seismic force produced by earthquakes. No attempt 
will be made here to go into the complexities of earthquake 
design, but this possible lateral force may affect structural 
costs substantially, when proper provision is made. Con- 
versely, lack of proper structural provision for earthquake 
forces may permit huge losses of money, and loss of life, in 
event of a major seismic disturbance. This all resolves itself to 
a matter of geography and history of past earth movements 
with their resulting shocks. It might be mentioned that proper 
provision for wind forces increases a structure’s ability to 
withstand earthquake forces. 

At the mention of earthquakes, and the need for earthquake 
design, the natural inclination is to think of California, and 
of San Francisco in particular. The fact that other equally as 
destructive earthquakes have occurred in the central part of 
the United States, and on the east coast, is easily overlooked 
in developing basic design criteria. Mexico and Canada also 
have suffered disastrous and strong earth shocks. Two easily 
referenced maps showing seismic probability are the Seismic 
Probability Map of the United States prepared by the U. S. 
Coast and Geodetic Survey and published in the Uniform 
Building Code (Fig. 1), and the Earthquake Zones of Seismic 
Probability for Continental United States (Fig. 2), contained 
in the Bureau of Yards and Docks Technical Publication 
NavDocks, TP-Te-3. A brief and comprehensive résumé of 
earthquake history in the United States is contained in the 
U.S. Department of Commerce Special Publication No. 282, 
“Earthquake investigation in the United States.” 

Building codes in certain areas, particularly on the west 
coast, require earthquake design. A review of the maps 


Fig. 1. 


Seismic probability map of the United States 
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and references above may indicate the desirability of such 
even if not required by law. In this connection, e.g., a maior 
earthquake occurred at Charleston, 8. C., in 1886, with 60 
lives lost. Reports of this shock indicate that it approached 
the 1906 San Francisco earthquake in intensity. The Charles- 


ton area is rated as a high seismic probability on both of the 
above mentioned maps. 


MISCELLANEOUS FORCES 


Other lateral forces which may affect pulp and paper mill 
structures are listed below: 

1. Pipe thrusts due to pressure and water hammer. Those 
due to bellows-type expansion joints in relatively high pres- 
sure steam lines may be deceptive in their magnitude. For 
example, a 20-in. diameter steam line carrying 600 p.s.i. pres- 
sure, with this type of joint, can exert a force of almost 190,000 
Ib.; and water-hammer forces in large pipe lines should al- 
ways be investigated. 

2. Thermal forces due to high temperature equipment, 
etc. The best approach is to provide for expansion move- 
ment and not to restrain such forces. Restrained, either in- 
tentionally or by accident, these forces may prove of such 
magnitude that they cannot be resisted, with resultant dis- 
tortion or cracking. 


3. Earth pressures on retaining and foundation walls. 


nncosnssios 


Fig. 2. Earthquake zones of seismic probability for 


4. Hydrostatic forces in tanks and chests. 

5. Crane lateral and longitudinal forces and other dynamic 
equipment forces. 

These last lateral forces might be considered as minor 
because they will not affect the entire plant, but only certain 
areas, members or foundations. To overlook them, however, 
is to invite structural difficulties and possibly failures, leading 
to property damage and loss of production. Although minor 
by comparison (because they are localized), they warrant 
mention to completely cover the field of lateral forces that 
may have to be carried by pulp and paper mill structures. 


APPENDIX A 
WIND FORCE FORMULAS 


Struct. Engineers’ 
Bland booksacercr ticks P = 0.004V? 
P = lb. per sq. ft. on a flat surface 
normal to direction of wind 
V = velocity in m.p.h. 
U. S. Weather Bureau 
(old formula).....---- P = 0.0033V2 with same units. 


Dryden and Hill.......-. P = 0.00256V? with same units. 
Bureau of Yards and 
IDyord oe A pees au COO Px = 0.00256V? at height 30 ft. above 
ground 


P increased by a coefficient (>1) de- 
pending on height above 50 ft. 
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National Bureau of 


Sianelardet oe mean: Pw = 0.01486 (ae) with same units 


h = height in ft. at which V;, is meas- 
r ured. 
American Standards 


INSSOCT arene eee IP = (Dy 2 (4)" 
0.00258V 30 


APPENDIX B 
MINIMUM WIND CRITERIA 


Associated Factory Mu- 
tual Fire Insurance 
Co. Bulletin No. 7.13, 
Ties See are “Walls and window supports need to 
resist a total horizontal (wind) force 
of 27 lb. per sq. ft.” 


BUA DEA ss Ralemolels weae “In no case shall a structure be de- 
signed for a wind velocity of less than 
70 m.p.h.” 


IA SSOCPa et tonto ae “New construction should be designed 
to withstand wind velocity of not less 
than 100 m.p.h.....” 
Southeastern Under- 
writer’s Building 


CodeiG952)h ats ae 20 lb. per sq. ft. 
New Orleans, La., 
Coder (i952) aan less than 60 ft.—20 lb. per sq. ft.; 


over 60 ft.—30 lb. per sq. ft. 
Houston, Tex., Code 
(O52 eae en yy Seiten: less than 50 ft.—25 lb. per sq. ft.; 
50 to 99 ft.—30 lb. per sq. ft.; 
100 to 199 ft.—35 lb. per sq. ft. 


(LOS) Siete aati eceere less than 30 ft.—15 lb. per sq. ft.; 
30 to 49 ft.—20 lb. per sq. ft.; 
50 to 99 ft.—25 lb. per sq. ft.; 
100 to 499 ft.—20 lb. per sq. ft. 


(L949) Brrcrcrare Giey- telat ens less than 60 ft.—15 lb. per sq. ft. min.; 
over 60 ft.—20 Ib. per sq. ft. min. 


Inland, Coastal, 
lb. per lb. per 


sq. ft. sq. ft. 
Southern Standard 
Building Code (1958). .less than 30 ite 10 25 
31 to 50 ft. 20 Bs 
51 to 99 ft. 24 45 
100 to 199 ft. 28 50 
Wind Pressure 
b. per 
sq. ft. 
North Carolina State 
Building Code (1958). .less than 50 ive 20 
50 to 99 ft. 24 
100 to 199 ft. 28 
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Continuous Coating Color Preparation: 
Evaluation of Starch-Binder Coatings 
Prepared in the Thermal Cooker 


G. E. LAUTERBACH 


A process for making machine coating colors should 
be capable of producing coatings of uniform properties without 
batch-to-batch variations. In preparing starch binders for 
paper coatings, certain compromises must be made so that 
the finished coating has the properties required by the coating 
process and the paper grade. Of major importance is the 
fact that the high solids requirement of machine coaters is 
such that the amount of water in the finished coating does 
not allow the starch to be cooked at concentrations low enough 
to give entirely adequate dispersion. For example, 1.7% 
starch suspensions have been shown to be capable of absorbing 
all the water in a system upon heating (/). Agitation of the 
starch suspension during cooking helps disperse the swollen 
granules into smaller fragments. Since the amount of shear- 
ing action is likely to vary with the total batch volume, 
variability can be introduced as to the actual paste viscosity 
and, very likely, as to the degree of viscosity change when 
softeners, such as saop, are added to the coating. 

This paper deals with a continuous starch cooker that 
appears to produce exceptionally clear (indicating high 
degree of dispersion) and uniform starch pastes. 

The continuous starch cooker (2) manufactured by the 
Thermal Equipment Copr. (3), has gained acceptance by the 
gum-candy producers in North America and parts of 
Europe. This acceptance has been based on economy and 
ease of operation as well as the exceptionally clear gums pro- 
duced at rather high solids. Formerly, starch used for jelly 
beans and gum drops was first cooked in open kettles and 
and then boiled for several hours to reduce the water content. 
With the thermal cooker, the candy ingredients are mixed at 
the consistency required for the process and then cooked 
at 220 to 230°F. 

Exceptional dispersion of the starch (perhaps approaching 
the molecular level) is suggested by the improved clarity and 
shelf life of the gum confections so prepared. Optimum dis- 
persion of the starch granule is desired for coating color 
preparations. 

In dealing with a continuous starch cooker, the possibility 
of developing a continuous coating color preparation process 
is to be considered. In such a system, one approach would 
be to try to combine the steps of clay dispersion and binder 
preparation as has been done in some earlier batch processes 
(4). That the Thermal Cooker could be used in this way was 
indicated in our first trials in the manufacturer’s demonstra- 
tion unit. 

Two starch processors, Penick and Ford and Clinton Corn 
Processing, have used the Thermal Cooker to prepare starch 
pastes for the paper industry. Penick and Ford, Clinton 
Corn Processing, and now National Starch and Chemical 
Co. have their own piping versions of the cooker which they 
recommend for wet end applications. More recently, work 
has been done by the starch companies in cooking starch 
and clay together. This phase of their work was done con- 
currently but independently of the work reported here. The 
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material presented in this paper deals with cooking slurries 
of the complete coating formulations, including soap and 
caustic, in the Thermal Cooker. 

The coatings prepared in the cooker performed as well on 
paper as identical formulations prepared in conventional 
starch kettles and kneaders. Improved pick resistance and 
higher viscosities were achieved. This, however, may be 
caused by cooking the starch in the presence of the soap and 
caustic rather than the use of the Thermal Cooker. That is, 
caustic aids starch cooking so that a more efficient adhesive 
is produced and also increases thickening with soap by provid- 
ing additional reactive sites. 


EXPERIMENTAL 


Description of the cooker 


The Thermal Cooker is produced in two sizes: the ‘“pro- 
duction” model and the “laboratory” model. The stainless 
steel laboratory model, used in this study, is misnamed since 
it has the capacity to furnish all the coating required to coat 
one side of a production machine coater operating at fairly 
high speeds. In our pilot plant, maximum coating produc- 
tion was limited to 6 to 7 g.p.m. since the volume of steam 
available was inadequate to maintain the control temperature 
(230°F.) at higher rates. In most of the experiments, a rate 
of about 5 g.p.m. was used. 

The unique feature of the Thermal unit is the cooking 
chamber. On the model used in this work, it is a horizontal, 
stainless steel cylinder about 20 in. long and 21/, in. diam. 
A system of nozzles at one end of the cylinder is so directed 
that an axial stream of raw slurry converges with four imping- 
ing jets of steam. The turbulence produced by this configura- 
tion assures intimate mixing of the slurry ingredients and 
rapid heat transfer. Another advantage is that no constric- 
tions are built in to inhibit the passage of fluid through the 
chamber. This permits the use of higher slurry concentra- 
tions and viscosities as well as allowing the passage of larger, 
dispersible lumps of material into the cooker with little or no 
chance for plugging the system. For example, rejected 
jelly beans, orange slices, or gum drops are easily redispersed. 

The raw slurry is supplied to the cooking chamber through 
a stainless steel Bump positive displacement pump driven by 
a Reeves variable speed drive to deliver approximately 1 to 
10 g.p.m. The slurry passes through the jets of steam and is 
driven to the other end of the chamber where it is forced down- 
ward through an opening in the wall of the cylinder into the 
discharge line. 

A Honeywell controller recorder was added to maintain 
the temperature of the effluent at the central point (230 + 
2°F.) by acting on a Powers variable steam valve. Immedi- 
ately downstream from the temperature probe is a Hancock 
valve furnished to regulate the pressure in the chamber. 
In this work, a back pressure of 20 p.S.1. was indicated on the 
gauge between the Powers valve and the cooking chamber. 


Preparation of Coating Colors 


The raw slurry, containing 100 parts KCS clay, 15 parts 
starch, 1 part soap, 0.3 part Calgon and 0.2 part NaOH, was 
dispersed by mild agitation. The amount of water used 
was that calculated to give the desired solids in the finished 
coating plus an allowance for dilution during cooking caused 
by condensate. The dilution allowance amounted to approxi- 
mately 6 percentile units for the system and production rates 
used in this work. The slurry of the complete coating formu- 


Table I. Performance of White Dextrin Coatings on a Groundwood Sheet (Wire Side) 


: MacM ichael Letter- 
, Coating solids viscosity Coat Rotary: press 
Preparation as applied as applied weight, Lb. Opacity K.C. gloss Rupture Pick pick Halftone 
Cooker 00.7 87 at 29°C. Om 33.6 13.6 10.8 6.2 SI) 
Kneader 55.0 of ab 28-C- 4.7 30.2 Tine St 7 he 3.6 
Kneader 55.4 66 at 29°C. onl 30.2 1G ey 6.8 8.0 4.8 
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Table Il 


— K.C. gloss =. 
Ww F 


—Rotary rupture —Rotary pick—~ —Letter-press pick—~ 
W F W F Ww F 


Ceaeng Coat 

: solids MacMi i 
Preparation 15% binder as run ne ee 
Cooker White dextrin W.53.2 66 at 32°C. 13.4 


F. 54.4 

Kneader White dextrin 56.0 

Kneader Hydroxyethyl- 57.4 
ated starch 


79 at 36°C. 
70 at 27°C. 13.0 
84 at 26°C. 16.8 


lation is then allowed to stir for 10 to 20 min. longer with ver- 
tical mixing to assure a smooth suspension. 

After the cooker is operating at the control temperature 
against cold water, the slurry is introduced by shifting a two- 
way valve in the supply line. An 8 to 10°F. temperature 
drop occurs immediately after switching to the slurry—even 
when the slurry is slightly warmer than the water used in 
the startup. Possibly, this is related to the energy required 
to dissolve the starch and disrupt the granule structure. 

Upon leaving the discharge pipe, the coating is flashed to 
atmospheric pressure, thereby reducing the temperature to 
just below the boiling point of water. It may then be cooled 
or used immediately since significant cooling usually occurs 
on the coating train and in the piping. 


Analytical methods 


The coating colors were tested for solids content by oven 
drying at 105°C. and the viscosities measured with a Mac- 
Michael viscometer (1 cm. cylindrical bob, no. 26 wire, 40 
r.p.m.) at room temperature and a Brookfield viscometer 
(100 r.p.m., no. 6 spindle, Model RVT) at 50,02Gi7 *The 
weight of the coating on the experimental papers was calcu- 
lated from the basis weight (25 X 38—500) and the difference 
in ash content of the coated and uncoated paper with allow- 
ance made for the clay ashing factor. Opacity measurements 
were taken with the Bausch & Lomb Opacimeter while the 
gloss of the supercalendered papers was determined with the 
Kimberly-Clark glossmeter (5). Pick and rupture resistance 
was measured by two methods. One method is described 
by W. W. Roehr (6) for rotary pick and rupture. In this 
procedure, pick resistance increases with the numerical value 
of the data. The other method, letterpress pick, is based 
upon visual grading of pick in a solid letterpress print made 
under controlled conditions on a small Chandler & Price 
press. Gradings from 0 to 10 indicate increasing pick. 
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Fig. 1. Dilution by condensate 
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36.8 35.4 21.0 18.2 17.8 15.0 i 


0 
37.4 34.6 18.6 16.2 14.4 13.2 iL) 
42.4 41.6 22.8 23.2 18.4 13.4 1.0 


1.0 
Ved, 
0 


The printing quality of the coated papers is judged on the 
basis of the reproduction of a 50% halftone print made on a 
Chandler & Price press under controlled conditions of ink- 
film thickness and pressure. Gradings between 1 and 7 


indicate an increasing number of skipped dots and poorer 
printing. 


Comparison of Coatings Applied with a Laboratory KCM 
Roll Coater 


Coatings prepared in the Thermal Cooker, as well as by 
kneading the cooked starch binder into the clay, were applied 
to a 40-lb. (25 X 38—500), 50% groundwood sheet by means 
of a small KCM roll coater using a 9-in, web. A commercial 
corn starch white dextrin was the binder used in this com- 
parison. The wire side coated paper samples were conditioned 
to 50% R.H. at 72°F. before receiving three nips on a labor- 
atory supercalender. The results of this experiment are 
given in Table I. 

From these data two features are observed in the cooker- 
prepared coating: (1) the viscosity of the color is higher even 
though the solids were about the same as those of the kneader 
prepared colors; (2) pick resistance appears to be higher 
as indicated by both the rotary pick and letter press pick 
tests. 

Gloss has not been affected by the manner of preparing the 
coating colors nor has the opacity. Printability may have 
been improved by cooker preparation as suggested by the 
slightly better halftone gradings. Thus, it may be con- 
cluded that the Thermal Cooker has no adverse effects and 
produces coatings equal to those prepared in kneaders but 
with somewhat improved pick resistance. 


Comparison of Coatings Applied on a Pilot Plant KCM 
Coater 


Two coatings were prepared in kneaders from 250-lb. 
batches of clay. One coating contained 15 parts corn white 
dextrin and the other 15 parts of an acid modified hydroxy- 
ethylated corn starch. A similar quantity of coating was 
prepared in the Thermal Cooker at 230°F. with the white 
dextrin binder. Both sides of a 50-Ib. (25 X 38—500) 
eroundwood free sheet, 30 in. wide, were coated at 400 f.p.m. 
on a KCM coater. The results of this experiment are sum- 
marized in Table II. 

From these data it is observed again that cooker prepara- 
tion improves pick and rupture resistance for the same binder 
type. Higher viscosity of the cooker prepared coating color 
was also observed. The dextrin coating prepared in the 
Thermal Cooker gave similar pick and rupture resistance at 
13.4 lb. per ream to the hydroxyethylated starch coating at 
16.8 lb. per ream prepared in the kneader. Typically, the 
hydroxyethylated starch binder gave higher gloss with the 
same supering. For identical formulations gloss was un- 
affected by the preparation process. 


Table Ill 

Caustic 
in Slurry Coating Brookfield 

slurry solids solids at 60°C. Mac Michael 
No 62.0 54.9 22.4 60 at 30°C. 
Yes 62.0 54.8 32.8 87 at 31°C. 
No 58.0 52.0 WEA 29 at 30°C. 
Yes 58.0 51.6 14.0 88 at 33°C. 
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Fig. 2. Blended hydroxyethyl starches A and B. coating 
viscosity versus solids, 15% binder 


Dilution of Colors by Steam Condensate 


Injection of steam into the coating in the chamber of the 
Thermal Cooker causes some dilution of the material passing 
through. This dilution was examined over a fairly wide 
range of raw slurry consistencies and is summarized in Fig. 1. 
The amount of this dilution is a function of the steam supply 
and changes with the quality of steam entering the cooker. 
The manufacturer claims no dilution if dry steam is used. 

The average difference between slurry and coating color 
solids was —6.3 + 0.4 for the system as it was installed dur- 
ing this project. The presence of absence of caustic in the 
slurry did not affect the dilution of the coating but did affect 
the viscosity. This may be seen upon examining Table ITI. 
Coating cooked with the caustic displayed slightly higher 
viscosities than those adjusted to the same pH range after 
cooking. This is probably related to improved starch dis- 
persion usually accompanying alkaline cooking. 


Collection of Data for Coating Formulation 


In order to obtain information so that solids and viscosities 
could be predicted for coatings to be used in larger trials, 
a series of coatings was prepared in the Thermal Cooker. 
Two viscosity grades of a commercial hydroxyethylated corn 
starch were blended in several ratios and used at 15 and 18% 
binder levels. The results are shown in Figs. 2 and 3. 
Figure 2 also indicates the relative displacement of the dilu- 
tion curves of two coatings due to processing in the Thermal 
Cooker. These curves were obtained at 50.0°C. by averag- 
ing 5 to 6 Brookfield viscosity readings at each dilution. 


Mill Trials 


A larger cooker (5-in. diam. chamber) was purchased and 
installed in a book paper mill. The new cooker was similar 
to the smaller unit except that a 20 g.p.m. Moyno pump was 
used. The data supplied from Figs. 2 and 3 were used in the 
formulation of the starch blends used in the mill coatings. 
The solids and viscosities obtained were those predicted by 
the graphs. Dye was added to the raw slurry to match pro- 
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Fig. 3. Blended hydroxyethyl starches A and B, coating 
viscosity versus solids, 18% binder 
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duction standards. Paper of acceptable quality was ob- 
tained in these trials. No attempt was made to cool the 
coatings but cooling in the lines, tanks, and on the coater 
reduced the temperature to nearly normal for that coating 
press. The steam dilution was 3 to 4 percentile for the first 
trials but dropped to about 1 percentile on more extended 
operation. 


CONCLUSION 


The Thermal Cooker has been used to cook slurries of the 
complete coating color formulation (dyes included) which 
use starch binders. Acceptable performance of the paper 
coated with these colors was obtained with no operating 
difficulties occurring on the KCM coating presses used in this 
work. Clay dispersion in the laboratory and pilot plant 
was accomplished in the Thermal Cooker without requiring 
heavy mixing equipment. In the mill trials, clay slips pre- 
pared with and without kneaders were used without de- 
tectable differences in paper quality. If further experience 
verifies these findings, the cost of assembling color preparation 
systems could be reduced considerably. 

The high temperature and shearing action produced by 
the impinging jets of steam in this cooker were quite effective 
in producing uniform dispersions of corn starch products. 
This is suggested not only by the clarity of the starch pastes 
and improved quality of gum candies but also by the higher 
viscosities and pick resistance of the coating colors containing 
soap. That starch pastes of the highest degree of starch 
dispersion also show the highest viscosity in the presence of 
soap (6) also supports this conclusion. ; 
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Progress in Alkaline Pulping — 1998 


THE INSTITUTE OF PAPER CHEMISTRY * 


This report continues the series (1-12) on the technical and 
topical literature reporting progress in alkaline pulping. 
It reviews the literature abstracted in the Abstract Bulletin 
of The Institute of Paper Chemistry during the calendar 
year 1958. 


EXPANSION, MODERNIZATION, NEW MILLS 


United States 


Paper Mill News (13) presents a survey of 
expansion and modernization programs in U. 8. and 
Canadian paper and pulp mills which have been 
completed in 1957 or which are projected for 1958- 
59. 

Van Derveer and others (14-17) describe the new 
$17,750,000 bleached kraft paperboard mill of American 
Box Board Co. at Filer City, Mich. The addition has 
raised the total capacity of the plant to 550 tons per 
day. Interesting features of the mill include the new 
integrated kraft and neutral sulfite chemical recovery 
system, the addition of screen tailings from the kraft 
system to the NSSC cooked chips being fed to the 
refiners, and the five-stage bleach plant designed to 
produce pulp at 85 to 90 brightness with an expected 
yield of 45%. 

Parker and others (18-20) describe the new mill of 
Dierks Paper Co. at Pine Bluff, Ark. The mill is 
producing 150 tons per day from sawmill chips and 
pulpwood logs. 

Production has begun at International Paper Co.’s 
new mill in Pine Bluff, Ark. (21). The mill’s daily 
capacity includes 375 tons of newsprint and 475 tons 
of bleached kraft board. 

Ludwig (22, 23) describes the new $11 . million 
bleached kraft pulp mill addition at the Lincoln, Me., 
mill of Eastern Corp. Among the interesting features 
of the new 175-tons-per day plant are a Kamyr contin- 
uous digester installed primarily for hardwood pulping, 
and the use of a Venturi scrubber and cyclone evapo- 
rator for fume recovery, and contact evaporation at the 
recovery boiler. 

O’Donnell (24) describes the latest step in a program 
of modernization and expansion at the pulp mill of 
Halifax Paper Co., Inc., Roanoke Rapids, N. C., which 
is a seven-story recovery unit. It has the capacity to 
handle daily the black liquor from 550 tons of kraft 
pulp while producing a maximum of 203,000 lb. of 
steam per hour. 

The new 500-ton boiler installation in the black 
liquor chemical recovery plant in the kraft mill of the 
Chesapeake Corp. is described (25). 

Waters and others (26-29) describe the new mill of 
Rayonier, Inc. at Jesup, Ga. The mill is the company’s 

* The review for 1958 was prepared by J. R. BYRNE, Research Assistant, 


under the direction of D. J. MacLavrin, Chief, Pulping and Papermaking 
Section, The Institute of Paper Chemistry, Appleton, Wis. 
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second 300-ton chemical cellulose and wood pulp unit 
at the site. 

The expansion program at the paper and pulp mills 
and auxiliary plants of St. Regis Paper Co. at Jack- 
sonville, Fla., culminated in the start-up of a new paper 
machine in September, 1957 (30). The facilities of the 
mills are described in detail, covering wood handling, 
pulping, chemical recovery and liquor making, and 
general features of construction. 

Waters and others (31-34) describe the new 300 
ton-per- day bleached sulfate pulp mill of Gulf States 
Paper Corp. at Demopolis, Ala. The Kamyr contin- 
uous digester, bleach plant, and power and recovery 
plants are some of the features of the new plant which 
are described. 

The new $30 million bleached kraft mill of Container 
Corp. of America at Brewton, Ala., is deseribed (35- 
37). The mill is designed for a daily output of 300 
tons of pulp or paperboard. The paper machine is & 
fourdrinier with a 216-in. wire. 

Hatten (38) gives a description of the expanded kraft 
pulp and paper facilities recently completed at the 
Gair Division (Continental Can Co.) mill at Hodge, 
La. 

Knight (39) reports on the Kamyr continuous 
digester recently installed at the Longview mill of 
Weyerhaeuser Co. and now in operation producing 
140 tons per day of kraft pulp. The operation and 
instrumentation are described. 

Sconce (40) reports on the new continuous kraft. 
cooking and recovery system and new bleach plant 
started at the Camas, Wash., mill of Crown Zellerbach 
Corp. The increased facilities bring the total bleaching 
capacity of the mill to 885 tons per day. 

Van Derveer and others (41-44) describe the new 
$929 million kraft pulp, paper, and board mill of Georgia- 
Pacific Paper Co. at Toledo, Ore. The mill’s 262-in. 
fourdrinier, the largest kraft paper machine on the 
west coast, is designed to produce over 250 tons per 
day of kraft paper or board. The mill will obtain the 
major portion of its wood requirements in the form 
of chipped wood waste from the adjacent saw and 
plywood mills operated by the parent company, 
Georgia-Pacific Corp. 


Canada 


In the annual review number, Candian Pulp and 
Paper Industry (45) presents a review of progress in 
mills in the various provinces. Pulp and Paper 
Magazine of Canada (46) summarizes the expansion 
plans within the Canadian pulp and paper industry by 
presenting a list of 44 companies with projects under- 
way in 1957 or contemplated for 1958 and 10 companies 
with potential, deferred, or abandoned projects. 

Taylor (47) reports that an over-all survey of pulp 
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and paper mill expansions in Canada in 1958 show a 
decline in the number of large-scale capital projects 
anticipated for the future. The various Canadian 
mills with expansion programs are listed along with the 
cest, completion date, and a brief description of the 
project. 

Glen (48-50) gives detailed descriptions of the 
expansion undertaken at the Dryden, Ont., mill of 
Dryden Paper Co., Ltd., which has increased production 
from 250 to 500 tons per day of bleached kraft pulp. 

Some of the highlights of the 1957 program of 
modernization and expansion of Ontario-Minnesota 
Pulp and Paper Co., Ltd., are the start-up of a new 
newsprint machine at Kenora, installation of a kraft 
washing system at International Falls, and a new 
pulp distribution system at Fort Frances (47). 

Johnston and others (62-86) describe the new 
bleached kraft pulp mill of Thurso Pulp and Paper Co. 
at Thurso, Que. The mill has a rated capacity of 200 
tons per day to be produced from both hardwoods and 
softwoods. 

A description is given (57) of the recent expansion 
and diversification at the MacMillan & Bloedel, Ltd., 
pulp and paper mill at Port Alberni, B. C. 

Anglin and others (58-62) describe the new highly 
automated bleached sulfate pulp mill of British Co- 
lumbia Forest Products, Ltd. at Crofton, B. C., being 
built at a cost of $46 million. Its designed capacity is 
425 tons per day. 

Knight (63) and Paper Mill News (64) describe the 
Elk Falls Division of Crown Zellerbach Canada, Ltd. 
The recent expansion included increasing the kraft 
mill capacity to 500 tons daily, the installation of a new 
combination kraft and newsprint machine, and the 
construction of a 175-ton-per-day bleach plant. Dyck 
(65) reports that sulfate pulp in shredded form is also 
produced at Elk Falls for shipment 1100 miles to Crown 
Zellerbach’s Antioch, Calif., mill. 

Paper Industry and other publications (66-69) give 
detailed descriptions of the Hinton, Alberta, mill of 
North Western Pulp & Power Ltd. McCarthy (70) 
describes the design and engineering features of the 
mill. 


Europe 


A description is given (77) of the first new kraft pulp 
mill to be built in Sweden for more than a quarter of 
a century. The new mill at Monsteras is being built 
for a new company, Skogsagarnas Cellulosa AB. The 
initial capacity of the mill will be 75,000 tons per year 
of unbleached and semibleached grades. 

Esselin (72) reports on the current expansion pro- 
gram at the Papeteries de Gascogne kraft paper and 
bag mills which is aimed at increasing the daily produc- 
tion of kraft paper to 80 to 120 tons. A new black 
liquor recovery unit, an effluent disposal unit, and a 
new Yankee paper machine have been installed. The 
50-cu. m. digesters are being gradually replaced by 
more modern units of 125-cu. m. capacity. 


Australia 


Baird (73) reports that the Maryvale pulp mill of 
Australian Paper Manufacturers Ltd., designed for a 
daily output of 90 air-dry tons of eucalypt kraft, has 
increased its capacity to 270 tons per day. The 
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: 
organization of a construction department to carry 
out the expansion and details of the new plan are) 
described. 


ALKALINE PULPING—GENERAL 


Brief abstracts are given (74) of the papers presented 
at the 11th Alkaline Pulping Conference held in Char- 
leston, S. C., on Nov. 5-7, 1957. Some of the topics 
were: shortwave ultraviolet absorption as a means of 
controlling kraft pulping, a slurry system for salt 
cake distribution, the use of additives in the clarification 
of white liquor, a new process for the manufacture of | 
chlorine dioxide, cold soda pulping and the peroxide 
bleaching of cold soda pulp, and fiberizing semi- | 
chemical pulps. | 

Nolan (74) predicts that the southern kraft mill of the | 
future will use slash pine to manufacture bleached | 
market pulp in the range of 85 to 90 G.E. brightness | 
having a strength equal to that of unbleached grades. | 
Bleaching will involve the following five stages: two | 
chlorination and caustic extractions and a final chlorine 
dioxide treatment. The modern pulping system, 
involving continuous methods and expanded chip 
surfaces, will make it possible to obtain almost 
completely fiberized pulps in the digester at yields of | 
50% or higher. 

Diehm (76) analyzes and compares the costs of 
different pulping processes. A table in which costs are 
presented according to fibrous raw materials, chemicals, 
and operating expenses shows the highest costs for 
bleached spruce sulfite and kraft pulps and the lowest 
costs for aspen NSSC and straw-lime corrugating media 
and aspen chemigroundwood. 

Gati and Vamos (77) discuss the factors and con- 
siderations involved in the planning and construction 
of a straw pulp mill in Hungary. Among four possible 
processes by which straw can be pulped, the sulfate 
process is preferred for economic reasons. In addition 
to wheat straw, rice straw has given good results. 

Banfill, et al. (78) outline a continuous weighing and 
moisture testing procedure which can handle large 
variations in digester chip charges and chip moisture 
which result from the use of mixed wood species. A 
meter called the Hygrotester Woodchip Moisture 
Meter is described. The differences in mill operations 
caused by low or high density deciduous woods are 
mentioned. 

Samuels and Glennie (79) produced kraft pulp from 
Douglas-fir chips which included up to 20% _ bark. 
Chips containing 5% bark produced pulp no higher 
in dirt content than bark-free pulp, but the low yield 
obtained reduced the calculated market value of such 
chips to about 93% of that of bark-free chips. Chips 
containing 10% bark produced pulp of high dirt 
content as well as low yield. Centrifugal cleaning 
produced cleanliness nearly equal to that of bark-free 
pulp. The calculated market value of these chips was 
about 82% of bark-free chips. Chips containing 20% 
bark had a market value of 68% of that of the bark- 
free chips, but an acceptable cleanliness level could not 
be attained even with centrifugal cleaning. 

Iwanow and Marker (80) prepared chips of three 
different sizes from two hardwoods and two soft- 
woods and cooked them in laboratory autoclaves at 
170°C. for certain lengths of time. Since chip penetra- 
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tion and digestion are a function of resin content, the 
| optimum size of chips is expected to, and does, vary with 
_ each wood species and with the moisture content. 
| Although good pulp can be obtained from hardwood 


and softwood mixtures, it is not recommended since it 


; will result in overcooked and undercooked portions. 


Gilles and Hunter (81) investigated the problem of 


| pulp contaminated with charcoal or carbonized wood 


being produced in the mill. Evidence indicated that 


_ the charred wood came from a digester in which direct 
steam was being used to aid in loading the digester. 
| It was recommended, therefore, that superheated steam 


never be introduced to chips before the cooking liquor 


is charged. 


Kleinert and Joyce (82) investigated the ultraviolet 


_ absorption of alkali lignin and studied the applicability 
of the 205 mu reading for measuring lignin in kraft cook- 
| ing liquors. 
+ stock wash waters was studied and the practical aspects 
_ of using this method as a means of control was dis- 


Estimating lignin in commercial brown 


cussed. 
May and Peckham (83) investigated the contribution 


| of re-using black liquor for dilution in kraft pulping to 


difficulties in attaining bleached pulps of high bright- 
ness. The active chemicals present in the black 


liquor were found to contribute to the pulping reactions 


roughly in proportion to their contribution to the total 
active alkali in the cook. The re-use of black liquor 
did not appear to have any deleterious effect on the 
strength properties or the bleaching characteristics of 
the pulp. 

Jayme, et al., (84) investigated the possibility of 
distinguishing bleached sulfate pulp from bleached 
sulfite pulp by means of fluorescence microscopy, that 
is, by the secondary fluorescence shown under ultra- 
violet light by pulp fibers treated with fluorescent 
dyes. Fibers fluorochromated with basic dyes did 
not permit a differentiation between sulfate and sulfite 
pulps. The spot application of a mixture of Rhod- 
amine B extra and Brilliant Dianil Green permitted a 
distinction to be made. Sulfite pulps fluoresce pink 
and sulfate pulps blue. Similar results were obtained 
with a mixture of Rhodamine B and Thioflavin SFW. 


THE COOKING PROCESS 


Aronovsky and Lathrop (85) obtained a patent for a 
mechanochemical process for producing high yield 
pulp rich in pentosans from agricultural residues. The 
raw material is cooked in alkaline liquor at 90 to 100°C. 
and atmospheric pressure. Simultaneous with the 
chemical action, the fibrous material is subjected to 
vigorous noncutting impact blows while submerged in 
the pulping liquor. 

Tishchenko and Rozenberger (86) carried out a 
series of pinewood kraft cooks at temperatures ranging 
from 195 to 235°C. to a permanganate hardness of 
95 to 130 Bjorkman units. Higher cooking tempera- 
tures increased the delignification rate and decreased 
the pulp yield and viscosity. In the 175 to 200°C. 
range, the mechanical strength properties of beaten 
pulps remained practically unchanged; at 225° and 
above, the breaking length and bursting strength 
decreased rapidly. 

Poppel (87) presents some data on the laboratory 
production. of high-yield sulfate pulp. Sprucewood 
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was pulped at 165°C. for 145 to 185 min., using 20 to 
25% active alkali as Na,O, followed by defibration with 
hot liquor in a ball mill. The pulp, obtained in 64% 
yield, showed physical and mechanical properties 
equivalent to those of ordinary kraft pulps. 

Pulp production at Southern Paperboard Corp. 
was increased from 600 to 725 tons per day by the 
introduction of a high-yield system (88). The prin- 
cipal innovation is the moving of the stock from the 
blow tank through Claflin refiners (to break up knots) 
directly to the washers. Preknotters and complete 
refining of the stock before washing are avoided. 

Iserlis (89) developed a high-yield kraft process by 
gradually decreasing the consumption of active alkali 
from 292 kg. per ton of pulp to 214 kg. per ton and by 
lowering the cooking temperature from 171 to 165°C. 
From this and a modified stock-handling procedure, the 
yield of pulp was increased from 86.3 kg. per cu. m. 
digester capacity to 100.8 kg. The mechanical 
strength properties of the high-yield pulp were generally 
higher than those of conventional kraft pulp. 

Kachanov (90) reports that higher production at 
lower cost was the result of switching from conven- 
tional to high-yield pulping at the Kekhra, Russian 
pulp mill. The production cost per ton of pulp was 
lowered by 12 to 13% and the production capacity of 
the mill was increased by 17%. 

Iwanow (91) reports that in the recently developed 
semihydrolysis process, most of the disadvantages 
which accompany prehydrolysis are eliminated. The 
entire process is carried out in a single rotary digester, 
requires low consumption of water and steam, and 
gives pulps of high yield. 

A review of the literature by Finkel (92) indicates 
that prehydrolysis of annual plants and related mate- 
rials improves the properties, yield, and economy of 
dissolving-grade kraft pulps but not those of sulfite 
pulps. 

Nakano, et al. (93, 94), investigated the manufacture 
of sulfate dissolving pulp using xylenesulfonate pre- 
hydrolysis. By using xylenesulfonate instead of water 
in the prehydrolysis step, a considerable amount of 
lignin is removed along with the pentosan, thus short- 
ening the sulfate cooking time and improving the yield 
and quality of dissolving pulp obtained. Good results 
were obtained when beechwood chips were treated 
with an aqueous solution of 25% xylenesulfonate at 
pH 6.1 for 2 hr. at a maximum cooking temperature of 
160°C. 

Chéne, et al. (95), investigated the effect of cooking 
time, temperature, and soda concentration on the 
yield of raw, cooked, and classified wheat straw pulps 
and on their mechanical properties by applying statis- 
tical analysis of variance to data obtained. The soda 
concentration appeared to be the most important 
factor; its increase lowered the yield and porosity, but 
increased the mechanical properties. 

Koch, et al. (96), evaluated spruce pine as a pulp- 
wood source. Pulping and bleaching characteristics 
and pulp yields obtained are similar to those of southern 
pine. 

Schafer, et al. (97), subjected beetle-killed Engelmann 
sprucewood to kraft pulping. A yield of 44.8% was 
obtained and the pulp was later bleached to a G.E. 
brightness of 76 by a three-stage process. Newsprint 


253 A 


papers well above average in strength and brightness 
were formed from the pulps. 

Pustelnik and Surewicz (98) prepared kraft dis- 
solving pulps from pinewood using a series of different 
cooking and refining methods. It was found that 
refining with hot alkali increases the alpha-cellulose 
content of the pulps and Hot acid refining lowers the 
alpha-cellulose content and affects the rayon fiber 
strength. Pulps of 96-97% alpha-cellulose can be 
obtained by cold alkali refining. Pulps from acid- 
prehydrolyzed chips are characterized by high quality 
and homogeneity. Steam prehydrolysis gives higher 
yields and shortens production time, but does not 
permit the utilization of the hydrolyzate as in acid 
prehydrolysis. 

Baczynska and Maj (99) prepared kraft pulps from 
Pinus strobus which had higher strength properties 
than ordinary pinewood pulps prepared under identical 
conditions. It is a relatively fast growing species, 
resistant to cold, and its use for reforestation should be 
considered. 

Sihtola and Kaila (100) investigated the feasibility 
of regenerating the pine forests of Northern Finland 
with seedlings from Middle Finland. Trees from both 
areas were pulped by the kraft process and no signif- 
icant differences were found in the yield or strength 
properties. 

Bruun, et al. (101), describe the results of sulfate 
cooks of aspen and black alderwoods on the labor- 
atory scale. The results are compared to data obtained 
from similar experiments on pine and gray alderwoods 
and previous results obtained for birechwood. The 
yields from the porous wood species passed through a 
maximum value that was highest for aspen, next 
highest for birch, and lowest for black alder. The 
aspen pulps also gave the lowest Roe number and the 
best color properties. Compared with pine, the 
porous wood species formed a separate class in respect 
to the time and degree of delignification and of yel- 
lowing. 

Jensen (102) reviews the morphological charac- 
teristics and chemical composition of birchwood, and 
discusses the production and properties of chemical, 
high yield, semichemical, and mechanochemical pulps 
from birchwood. 

Kossoi (103) established optimum kraft cooking 
conditions for birchwood alone, blended with larch- 
wood and blended with pinewood. These conditions 
are 20% sodium hydroxide, 28% sulfidity, and a cook- 
ing temperature of 165 to 173°C. reached gradually 
during 2.5 hr. 

Adamik (104) discusses the morphology and chem- 
istry of Azlanthus glandulosa, the results of experi- 
mental cooks, and the properties of pulps obtained by 
the sulfate, bisulfite, and neutral sulfite processes. 

Lauer (105) discusses the results obtained from the 
sulfate pulping of six hardwood species from the 
Amazon forests. A certain influence of the fiber 
structure was observed, especially of the ratio of wall 
thickness to fiber diameter. Lauer (106) also compared 
the sulfate pulps from mixtures of tropical hardwoods 
with those of industrially manufactured kraft pulps 
from mixtures of southern hardwoods and of hard- 
woods and pine. The comparison showed comparable 
breaking length and burst, but lower tear and fold for 
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the tropical pulps. Lauer (107) made a few preliminary 
experiments to determine the suitability of the tropical | 
hardwoods for high yield pulping. Pulps obtained} 
using alkaline cooking liquor showed for comparable) 
yields, higher tensile strength and tear than the neutral 
sulfite pulps. It was impossible to reach a brightness 
higher than 75% with the pulps from the alkaline} 
digestion. The quality of the pulps corresponds to 
that of neutral sulfite semichemical pulps from soft 
maple, beech, or eucalyptus. 
Overbeck and Agottani (108) subjected a mixture of | 
eleven common Brazilian hardwoods to semicommercial | 
kraft pulping under various conditions. Bleached 
pulps could be produced in yields of 42 to 50% by | 
sharply limiting the cooking time at maximum tempera- 
ture and by keeping the maximum temperature as low 
as possible. Strength properties were satisfactory 
and were only slightly affected by changes in cooking | 
conditions. 
Istas (109) reports on the research carried out to | 
determine the possibility of exploitation for paper- 
making of the tropical hardwoods of the Belgian Congo 
as well as of papyrus, which grows abundantly there. | 
Dissolving pulps containing 92 to 96% alpha-cellulose 
have been obtained from papyrus by the kraft process 
but in bleached yields on only 7%. Kraft pulping of | 


the tropical hardwoods mixtures gave pulps of good | 
mechanical properties which can be bleached to a | 


brightness of 86%. 


| 


Gugnin (110) describes a recently developed method | 
for the manufacture of kraft pulp from larchwood. | 
Pulps obtained had a hardness of 138 to 142 perman- | 
ganate units and a breaking length of 9000 to 10,000 
m. Up to 90 kg. pulp were obtained from 1 cu. m. of | 


digester capacity. 


Bhat, et al. (111), report that results of experimental — 


kraft pulping of Cryptomeria japonica indicate that the — 


raw material should be useful in the commercial 
production of wrapping papers. 


Centola (112) reviews the chemical composition and — 


structure of eucalyptus woods, their present utiliza- 
tion, and possible future applications. Sulfite and 
kraft pulps from eucalyptus are characterized by high 
tensile and bursting strength, low folding endurance, 
and very low tearing strength. Their use in the 
manufacture of paper is limited, but they appear very 
satisfactory for the manufacture of viscose. 

Stevens (//3) reports that research at the Herty 
Foundation has demonstrated the suitability of 21 
species of bamboo in producing paper and board. The 
two most promising pulping methods studied were the 
kraft and Raitt processes. 

Chandhuri (174) reviews the two traditional meth- 
ods for the alkaline cooking of bamboo: the one-stage 
cook and the two-stage cook. Considerable reduction 
in cooking time can be obtained through the use of a 
rapid-cycle process involving presteaming the chips 
and preheating the cooking liquor. 

Gati and Vamos (1/15) report the results of research 
concerning the utilization of straw for papermaking 
carried out at the Hungarian Paper Industry Research 
Institute. Rice and rye straw were found to be the 
most suitable for pulping. For industrial production, 
the kraft process was found to be the best. 

Escourrou (116) presents the results of investigations 
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conducted since 1943 on the cultivation and paper- 


making properties of sorghum. Only varieties with 


10 to 20 chromosomes are suitable for papermaking. 
Whole stems are chopped and cooked with an alkaline 
liquor for 2 hr. under 1 kg. pressure. The pulps are 
then fiberized and cleaned in Centri-Cleaners. The 
unbleached pulp yield averages 45 to 55%. The 
breaking length of paper made of 100% sorghum pulp 
compares favorably with that of the best kraft papers. 

Stuck (117) obtained a patent for a process for con- 
verting bagasse to a high-grade paper pulp which 
consists of a two-step digestion. The first digestion 
is done in a kraft-type solution which also contains 
2 to 5% sodium peroxide under a saturated steam 
pressure of about 150 p.s.i. The unabsorbed solution 
is drained off, 1.0 to 2.5% sodium pyrophosphate 
peroxide is added and the second digestion carried out 
at 175 p.s.i. The digestion is terminated by suddenly 
releasing the pressure to cause an explosive expansion 
of the fiber bundles to pulp. 

Ernst, et al. (118), present data on the chemical 
composition and pulping characteristics of bagasse 
samples from various areas for pulps from separated 
fibers and whole bagasse. Digestion with 13% 
chemicals for 1 hr. at 170°C. produced good pulps 
from separated bagasse fiber. 

Jain (119) describes the pulping of bagasse and its 
role in the Indian pulp and paper industry. He also 
describes some characteristics of bagasse fiber and 
recommends the use of the kraft process over other 
methods. 

Hapner (120) examined the fibers of Cocos nucifera 
and Cycas rumphii in regard to their papermaking 
potentialities. A kraft cook of Cocos gave a pulp of 
moderate strength in 51% yield. The practical utiliza- 
tion of this material is highly problematical. Cycas 
shows little differentiation between fibers and vessels 
and, although no cooks were made, its fibers would 
seem suitable for papermaking. 

Barbasch (121) discusses the utilization of reed 
which grows in the Danube River delta. The sorted 
and chopped raw material contains 50 to 53% cellulose 
and 2.5 to 3.5% ash. Pulp yields of 45 to 49% are 
obtained by the kraft and Celdecor processes and of 
55% by the sulfite process. Various kinds of writing 
and printing papers can be made from pulps containing 
up to 70% reed. Raikhman (122) reports on the work 
cof the Institute of Research and Development of 
Paper, Pulp and Reed concerning the reed growing in 
-the Danube Delta. 

Voiret (123) reports that pulps of good quality can be 
obtained from monoicous hemp by the standard soda 
process or by a modification involving the preimpreg- 
nation of the material alternately under vacuum and 
pressure. Their properties were intermediary be- 
tween those of kraft and sulfite softwood pulps. 

Samuelson (124) points out some of the similarities 
between the chemistry of sulfate and sulfite cooks. 
‘The primary reaction in the kraft process involves 
-scission of the molecular chain similar to that occurring 
-during sulfite pulping. Iu both processes large quan- 
tities of organic acids are formed during the depolymeri- 
zation of the wood carbohydrates. The organic ex- 
-cess sulfur present in spent sulfite liquor behaves in 
-many respects like that in alkali lignin. 
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Christiansen and Legg (125-126) evaluated the 
result of controlled alkali concentration in kraft cooking 
on pulp quality. Injection of white liquor at 90 g. 
per 1. effective alkali and 33.3% sulfidity was made to 
maintain constant concentration of effective alkali 
throughout the cooks. Compared with the con- 
ventional procedure, the injection technique incorpora- 
ting Va-Purge and black liquor impregnation resulted 
in an increase of 5% in pulp strength and 20 to 40% 
in viscosity. 

Dickerscheid (127) made pulping studies on southern 
pinewood to determine whether the active or effective 
alkali basis for applying cooking chemicals was more 
suitable for maintaining a uniform pulp bleachability 
level. The active alkali basis was found to be better 
for maintaining a uniform permanganate number 
pulp in the 15 to 35% sulfidity range; however, even 
that basis was not suitable above 35% sulfidity. 

Bogomolov (128), in investigating the delignification 
mechanism in kraft and soda cooks, found that 
during the kraft process carboxyls and acid hydroxyls 
are formed, and that part of the methoxyl groups is 
split with the formation of methyl mercaptan and 
methanol. 

Dryselius, ef al. (129), studied the hydrolysis of 
cellobitol, lactitol, and maltitol in alkaline aqueous 
solutions at 170°C. as part of an investigation of the 
decomposition of carbohydrates during alkaline pulp- 
ing. All substances were hydrolyzed at roughly com- 
parable rates. 

Yilner, et al. (130), studied the dissolution of lignin 
and the important carbohydrates of pinewood during 
kraft cooking. Delignification was independent of 
liquor concentration up to 150°C. but increased with 
higher concentration above this temperature. The 
dissolution of glucan and mannan was also independent 
of liquor concentration but xylan dissolution was 
highly dependent on it. 

Knutsson and Stockman (131) studied the causes of 
the low strength and poor beating characteristics of 
kraft pulps prepared in a Kamyr continuous digester 
by experimental digestions in an autoclave, provided 
with a stirrer, in which cooked but nonfiberized kraft 
pulp was mechanically treated for various lengths of 
time. Marked deterioration of pulp quality occurred 
within a few minutes of treatment. 

Kosaya (132) concluded from the experimental 
digestion of sprucewood chips of two different sizes 
separately and in mixtures that, in a continuous kraft 
process, good results may be obtained only with the 
use of fine chips (15-18 mm. in length). 


WASHING AND SCREENING 


Esilé and Hakkarainen (133) relate experiences with 
a three-stage brown stock washer installed at the 
Kemi Oy mill in Finland. Foaming caused by air 
contained in the black liquor was the biggest problem. 
In comparing the costs of four brown stock washing 
systems, a press stage followed by three filter stages 
was found to be the most economical. 

Gugnin (134) reports a 20-25% increase in kraft 
pulp production as a result of reducing the washing 
time in diffusers to 4 to 6 hr. This reduction was 
obtained by switching from the paired diffuser method 
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to the “mixed” system in which all diffusers work 
together. 

Grabovskii, et al. (135), report that kraft pulp wash- 
ing in diffusers can be accelerated by preventing the 
concentration of the fibers on the false bottom and 
providing for a more uniform washing. This was 
accomplished by installing a conical discharging device 
and fine vertical chains in the center of the apparatus 
to provide a guiding and regulating surface. 

Perlinski and Popiolek (136) give the results of a 
series of plant trials in which the efficiency of diffusers 
equipped with Markila-Brax screens was compared 
with that of conventional diffusers. When Markila- 
Brax screens alone are used, the black liquor removal 
time is shortened by 6 to 15%. The use of both 
types of screens shortens the drainage time by 33 to 


38%. 
THE LIQUOR CYCLE 


Kleinert and Joyce (137) report that ultraviolet 
absorption measurements of kraft cooking liquors taken 
from the digester during cooking showed that the 
optical density values of liquor were directly propor- 
tional to its lignin concentration. During heating to 
cooking temperature, a straight-line relationship exists 
between optical density and the methoxyl content of 
the liquor. At cooking temperature, optical density 
increases faster than the methoxyl content indicating 
that, along with delignification, a partial demethoxyla- 
tion occurs. 

Mahannah (138) describes some of the features of 
the new chemical recovery unit at Halifax Paper Co., 
Roanoke Rapids, N. C., including the three-compart- 
ment Research-Cottrell electrostatic precipitator. 

Owens (139) discusses the trends in recovery unit 
design which have included higher capacity, higher 
steam pressures, and wider application of labor- 
saving equipment. The average capacity of recovery 
units purchased in the past two years is as high as 330 
tons. 

Howe (140) discusses the change in furnace efficiency 
and operation which takes place when a recovery unit 
is overloaded. A 200-ton Combustion Engineering 
unit was studied, and the drop in efficiency was 10% 
as the load increased from rated capacity to 65% 
overload. 

Western Precipitation Corp’s. soda ash recovery 
process has been installed at Consolidated Water 
Power & Paper Co., Wisconsin Rapids, Wis. (141). 
The process avoids scale and corrosion troubles and 
eliminates the liberation of hydrogen sulfide during the 
evaporation step. 

Ono and Isono (142) studied the glycerin and sodium 
stannate requirements of kraft black liquor analyzed by 
TAPPI Standard T 624 m-44. Glycerin may be 
omitted when determining sulfite contents of 4 Q. 
per 1. or less, or when the sample is reduced from 100 
to 25 ml. In the presence of large amounts of sulfite, 
the use of 0.001 WM sodium stannate is recommended as 
an antioxidant. 

Philipp and Hoyme (/43) developed a method for 
the quantitative determination of sulfide, free base, 
and carbonate in white and black kraft liquors. Sulfide 
is determined by direct titration in an ammoniacal 
medium with a standard zine sulfate solution and 
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Eriochome-Black T as indicator. Sodium hydroxide 
and sodium carbonate are determined by the usual 
titration with hydrochloric acid. 

Domansky (144) states that none of the following 
methods—volumetric, gravimetric, conductometric, or 
potentiometric—are applicable to the analysis of 
the inorganic constituents of black liquor. Flame 
photometry is good because, in the highly diluted 
samples used, the interference of organic substances 
are eliminated; the determinations are accurate, and 
can be made within a few minutes. 


Frey (145) describes the physical properties and 


chemical composition of black liquor from the kraft 


pulping of reed with emphasis on solids and ash contents | 


and related variables. 

Kooistra and Cobb (146) obtained a Canadian 
patent for a black liquor oxidizing means in which 
liquor drops on vertical screens, forms a thin film, and 
is oxidized by air passed between the screens. In 
order to minimize foaming, no air is passed through 
any body of liquor. 

Using a pilot-scale black liquor oxidization tower 
under rigorously controlled flow conditions, Murray 
(147) found that the capacity coefficients increase with 
increase in liquor-flow rate and are virtually un- 
affected by changes in air-flow rate when this is suf- 
ficiently high to provide adequate oxygen for the 
reaction. 

Ziegelmeyer and Feischl (148) confirmed that, 
during the oxidation of black liquor, 2 moles of sodium 
sulfide react with 2 moles of molecular oxygen in the 
presence of 1 mole of water to yield 2 moles of sodium 
hydroxide and 1 mole of sodium thiosulfate with the 
consumption of 215 kg. cal. of heat. 

Stickney (149) discusses the power, steam, and by- 
product fuel relationships in integrated kraft mills. 
Some of the topics are the use of bark as a fuel, meth- 
ods of burning bark and black liquor, and additional 
power requirements. 

Schoeffel and Barton (150) obtained a Canadian 
patent for a black liquor regeneration process which 
permits as much pulp washing as needed and which 
requires substantially no sodium or sulfur make-up. 

Shogenji and Mita (151) studied the applicability 
of kraft white liquor obtained from spent sulfite liquor 
smelt to the pulping of knotter rejects from sulfite 
mills. Pulp yield and quality were better than those 
obtained on cooking the rejects by the soda process 
with equivalent alkali consumption. 

Badger and Lindsay (152) present their annual 
review of the literature published on the subject of 
evaporation. 

Florine and Dedert (153) recommend that future 
expansion requirements be considered when planning 
a new evaporator since small increases in capacity 
later on become very expensive. 

Tomlinson and Tomlinson (154) obtained a patent 
for a method and apparatus for recovering heat and 
chemicals from black liquor which involves con- 
centrating the liquor and absorbing gaseous sulfur 
oxides therein by contact with hot flue gases, centrifu- 
gally separating residual liquor entrained in the flue 
gases, passing the flue gases through a fume recovery 
zone in contact with a recirculated aqueous liquid, 
withdrawing the fume from the zone, adding make-up 
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water to the aqueous liquid, concentrating the liquid, 
mixing it with the residual liquor, and burning the 
concentrated residual liquor. 

Owens (155) obtained a patent for a liquor and tem- 
perature control for an apparatus in which black 
liquor is evaporated in direct contact with hot waste 
gases and then passed into a recovery furnace. 

Stacey (156) describes a soda recovery furnace using 
a venturi spraying black liquor as both an evaporator 
and a fume scrubber. Operational data indicate that 
chemical reclamation from the furnace gases may be 
expected to exceed 85%. 

« Beaver (157) obtained a patent for a device in which 

gases from black liquor combustions are cleaned and 
cooled by passing them past exposed electrodes which 
collect material and recover heat. A stream of air is 
directed over a portion of the electrodes to pick up 
heat. The material collected is dropped into a bath of 
black liquor which is thereby fortified prior to being 
burned. 

Cas (158, 159), obtained a U. 8. and Canadian patent 
for an apparatus having shearing blades which break 
the stream of smelt as it flows into the dissolving tank 
thus avoiding explosive steam formation. 

Gray, et al. (160) obtained a U.S. patent for a method 
of regenerating pulping liquors which is particularly 
suitable in conjunction with a two-stage acid-alkaline 
digestion system. The two effluents are combined and 
burned to produce a single smelt and part of the sulfide 
is eliminated. A portion of the smelt is then causticized 
to form alkaline cooking liquor. The other portion is 
carbonated and the sodium sulfide is eliminated com- 
pletely. The resulting liquor is sulfited to form acid 
sulfite digestion liquor. 

Gray and Crosby (167) obtained a Canadian patent 
for a process of producing alkaline pulping liquor from 
smelt in which the smelt is contacted with a cation- 
exchange resin having phenolic hydroxyl and carbox- 
ylic exchange centers in hydrogen form to evolve 
hydrogen sulfide and carbon dioxide and absorb sodium. 
The resin is then contacted with carbon dioxide at 
2 to 50 atm. thus forming a solution of sodium bicar- 
bonate which may then be treated in the usual manner. 

Parkinson (162) reports that the pumping of dregs 
snto the lime mud system has resulted in considerable 
saving in lime rock makeup. One disadvantage is 
the reduced causticity of the reburned lime, indicating 
dead load buildup. 

Rothrock (163) reports that mill operating data 
indicated that a higher causticizing efficiency was 
obtained in a system using green liquor clarification 
as compared with a system using single stage mud 
washing only. The tests made to find the reason for 
the higher efficiency are described and the observations 
made asa result of the tests are summarized. 

Hellstrom (164) obtained a patent for a causticizing 
apparatus which consists of two or three vessels con- 
nected vertically in series. The reaction mixture 
travels continuously through the vessels and the 
causticized solution and calcium carbonate sludge are 
withdrawn continuously from the lowermost vessel. 

Kubelka, et al. (165), carried out experiments to 
determine the effect of silica on the causticization of 
ereen liquors, and on the sedimentation rate in white 
liquors. The sedimentation rate increased with in- 
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creasing amounts of silica from 30 cm. per hr. for 
liquor containing no silica to 82 cm. per hr. for liquor 
containing 21.3 g. per |. of silica. Similar results 
were obtained with green liquor from reed pulping 
containing 14 g. per |. of silica. The increase is 
attributed to the formation of insoluble calcium silicate 
which favors the aggregation of particles. 

Stevens and Wilkins (166) obtained a patent for a 
liquor reclaiming process in which the black liquor 
is subjected to a conventional recovery operation 
except that the amount of salt cake added is sufficient 
only to make up for lost alkali. Hydrogen sulfide is 
then added to make up the lost sulfur. 

Ehrnrooth (167) found that 50 to 70% of the dirt 
particles found in the white liquor coming from the 
Dorr clarifiers can be removed by hydracyclones. 
However, silica, iron sulfide, and carbon cannot be 
removed in this manner. 

Pavlick and McPherson (168) report on the use of 
flocculants to increase the rate of white liquor clarifica- 
tion and to better the efficiency of the sludge filter. 
A 1% solution of Separan 2610 added at the rate of 80 
p.p.m. to the individual settling tanks gave the best 
settling rate and indicated that clarification of white 
liquors can be speeded up considerably. 

Giesen (169) obtained a patent for a process of 
recovering lignin from black liquor where, in the 
first stage, the liquor is saturated with carbon dioxide 
at room temperature and under 20 atm. pressure, 
and in the second stage the liquor is treated with 
carbon dioxide at the same pressure and at a tempera- 
ture of 100 to 120°C. to precipitate the lignin. 

Copenhaver, et al. (170), obtained a patent for a 
process for recovering acetic acid in which the con- 
centrated black liquor is acidified to liberate the 
acetic acid which is then extracted with methyl ethyl 
ketone. 

Othmer (171) discusses some of the acetic acid 
recovery methods in use and states that more acetic 
acid is wasted in the black liquors of the pulping 
industry than is now used in the world chemical 
industry. Two possible recovery processes which 
could be applied to the pulping industry are described. 

Wier and Diephuis (172) outline the growth and 
value of crude sulfate turpentine and point out some of 
the factors in a good recovery for maximum yields. 

Cisney and Wethern (173) obtained a patent for 
a method of producing dimethyl sulfide in which 
elemental sulfur is added to black liquor which is 
then heated to 150 to 500°C. The dimethyl sulfide 
is then separated and the spent liquor evaporated and 
burned. 

Meyer and Coma (1/74) report that a pilot plant 
designed to produce nearly 2,000,000 lb. per yr. of 
dimethyl sulfide from black liquor is now in operation 
at the Crown Zellerbach Corp. laboratories in Camas, 
Wash. The heated sulfur and black liquor mixture 
is cooled and the pressure reduced to the point at 
which the bulk of the dimethyl sulfide is in the vapor 
phase. It 1s separated and the dimethyl sulfide 
removed and purified. Yields of 60 lb. per ton of 
pulp are obtained. 


STEAM AND AIR POLLUTION 


Tanaka, et al. (175), report on a process which uses 
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scrap iron or aluminum to reduce the color intensity 
and the B.O.D. of kraft mill waste liquors. The 
scrap is dissolved in the waste liquor from the bleaching 
process and then mixed with the pulping waste. The 
ferric or aluminum hydroxide produced absorbs and 
precipitates organic colloids and adsorbs coloring 
matter from the waste liquors. 

Pearman and Burns (176-177) describe the activated- 
sludge waste plant of West Virginia Pulp & Paper Co. 
at Covington. Operating data and problems en- 
countered in the first year of operation of the plant 
are summarized. The plant has a design capacity of 
16 million gal. per day, about two-thirds of the total 
waste flow from the mill. 

Results of experiments designed to determine the 
effect of the toxicity to minnows of kraft mill effluents 
carried out by Lubet and Sechet (178) indicate that 
the absence of fish from polluted streams is not due to 
the toxicity of effluent chemicals but to the fact that 
fish desert polluted streams. Therefore, the absence 
of fish is not a reliable index of pollution. Micro- 
biological population studies appeared to furnish a 
more accurate and reliable criterion. 

Marezek and Zielinski (179) present_the results of 
chemical and biological analyses of kraft mill effluents 
at different purification stages—with and without the 
addition of nutrient medium and with or without 
addition of 20% of waste from the diffusers. The 
purified effluents with nutrients added showed the 
lowest B.O.D., the same effluent without the nutrients 
the highest. The activated sludge receiving the most 
polluted material showed the highest number of 
organisms. 

Berthier, e¢ al. (180), analyzed black liquor samples 
from kraft cooks of hardwood, softwood, and wheat 
straw. Mineral and organic contents did not. differ 
significantly, but black liquor from hardwood pulp 
had a color intensity twice that of liquor from soft- 
wood pulp and black liquor from straw pulp had a 
very high B.O.D. The concentration of turpentine 
was below the toxicity level. 

Richardson (181) obtained a patent for a process 
by which air and stream pollution are prevented by 
contacting the lime kiln stack gases with weak black 
liquor to remove the major portion of the suspended 
compounds from the gases and to precipitate the 
major portion of the lignin-containing organic solids 
from the black liquor. 

Lardieri (182) summarizes the results obtained in a 
survey of the kraft pulping industry by the National 
Council for Stream Improvement covering disposal 
of airborne effluents within the industry. It is con- 
cluded that the kraft industry does not have a critical 
air pollution problem at this time. 

Meuly and Tremaine (183) obtained a patent for a 
treatment designed to abate alkaline pulping malodors 
which consists of adding to the digester charge 1 
to 100 p.p.m. of a mixture of organic compounds, 
such as n-butyraldehyde, pyridine, isoborneol, ger- 
aniol, benzophenone, and ionone. 

Gearhart and Thompson (1/84) patented a process 
for reducing alkaline pulping odors which incorporates 
a mixture of aniline and N,N’-di-sec-butyl-p-phenylene- 
diamine in the cooking liquor. 

Limerick (185) received a patent for an odor-abate- 
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ment process which consists of mixing the scrubbed 
effluent gases with 10 to 100 p.p.m. of ozone for at 
least 2 sec. before discharging them to the atmosphere. 

Colombo, et al. (186), developed an economical 
method of deodorization in which the effluent is 
oxidized with air using an air:acidified effluent ratio 
of 120:1. An almost complete oxidation of hydrogen 
sulfide and over 50% oxidation of mercaptan was ob- 
tained. An additional treatment with chlorine re- 
moved the residual gases. 

Wright (187) discusses the financial and technical 
aspects of a completely odorless kraft mill. The 
price is made up of three parts—initial down payment, 
direct installment payments, and indirect installment 
charges. Technical aspects which would have to be 
studied are the kraft operating sequence, dust emission, 
odor release, and odor control and analysis. 

Schneider (188) has modified a process which has 
been found successful in handling an air pollution 
problem involving sulfur compounds for application 
to terpenes, mercaptans, and sulfides. 

Maksimov (189) presents a number of measures to 
counteract the release of obnoxious substances from 
kraft mills. They are better leakproofing and ventila- 
tion systems, automation of processes related to the 
preparation and transfer of toxic chemicals, periodical 
analysis of the air in the mills, and the installation of a 
black liquor oxidation system. 


BLEACHING 


A description is given (190) of the new seven-stage 
bleach plant recently installed at the Karlsborg kraft 
pulp mill of the state-owned Swedish forest industry 
group, Statens Skogsindustrie. The bleach plant 
has an annual capacity of 60,000 tons, nearly half of 
the total annual pulp production of the mill. 

Bureau (191) gives a brief and nontechnical descrip- 
tion of bleaching which covers a definition of bleaching, 
the basic reactions involved, and hypochlorite and 
multistage bleaching. 

Rue (192) reviews some of the stages in the develop- 
ment of bleaching and predicts that future trends will 
continue toward super brightness, super cleanliness, 
super strength, use of peroxides for bleaching sulfate 
pulps, and design of bleaching equipment to combine 
the various bleaching stages in any desired sequence. 

Lawrence and Salisbury (193) obtained a patent for 
a six-stage bleaching process (CHEHEH) in which, 
after the fourth stage, the pH of the pulp is reduced to 
2 to 5 by addition of nonreducing mineral acids or the 
filtrate from the previous chlorination stage. 

Fennell (194) obtained a Canadian patent for a 
multistage bleaching process for kraft pulp which 
obtains maximum final brightness by critical control of 
total alkalinity of intermediate caustic extractions. 

Marpillero (195) obtained a patent for a method of 
carrying out a chlorine dioxide bleaching stage con- 
sisting of contacting an aqueous suspension of pulp 
with sodium chlorate in the presence of a vanadium, 
molybdenum, or tin catalyst and a promoter. 

Stone and Matarese (196) patented a pulp bleaching 
process in which chlorine dioxide and chlorine are 
combined in the first stage to obtain good brightness 
and strength retention at a subsequent saving in the 
amount of chlorine expended. 
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Rapson and Anderson (197) describe a new three- 


stage sequence which bleaches kraft pulp to 85 to 


87 G.E. brightness with good strength retention and 
moderate color reversion. It involves including a 
small amount of chlorine dioxide with the chlorine in 
the chlorination stage and some chlorine with the 
caustic soda in the extraction stage. Chlorine dioxide 
is the third stage. 


CORROSION 


Kesler (198) presents the supplement to the biblio- 
graphy of alkaline digester corrosion which includes 
annotated references from 1956 and 1957. 

Wegerif (199) summarizes the experiences at the 
Harmac, B. C. Division of MacMillan and Bloedel, 
Ltd. regarding the cause, repair, and prevention of 
digester corrosion. It has been established that the 
corrosion is due largely to hot plate boiling during 
charging of chips and liquor. The application of 
corrosion-resistant materials to the affected areas 
has been adopted as one method for the prevention of 
corrosion. 

Roald (200) studied 20 different steel specimens 
exposed in two kraft mill digesters. Test results 
confirmed the effect of silicon in increasing the digester 
corrosion rate. Other constituents normally present 
in low carbon steel have no appreciable effect on the 
corrosion rate. 

Kesler and Bakken (201) investigated the effect of 
the presence of appreciable quantities of sodium 
chloride, sodium sulfate, and sodium carbonate in 
kraft white liquor on the corrosion rate of mild steel in 
white liquor. The results of weight loss tests were 
correlated with the corrosivity of the liquor, using 
Roald’s corrosivity equation. In liquors where the 
equation could validly be applied (liquor containing 
more than 1 g. per 1. of sodium sulfite) the three 
chemicals appeared to cause increased corrosion with 
increased liquor corrosivity. 

Uusitalo (202) reports that potential versus time 
and polarization curves indicate that the concentration 
of sodium hydroxide and sodiumm onosulfide present 
in normal kraft cooking liquors are sufficient to cause 
strong digester corrosion under unfavorable condi- 
tions. 
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A Subsidiary of Morrison-Knudson Company, Inc. 
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« Plant Start-Up 
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Main Office: Cleveland, Ohio 
Other Offices: New York e San Francisco e 


London e Paris 
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White carton makes a beautiful picture 


: 


The natural color and texture of luscious fruit contrast 
strikingly with the bright white background of corrugated 
kraft. So do product, company identification, and brand 
name when carried as part of this “new look.” 

That’s why the shipping carton is becoming more than 
just a container to carry the goods to market. In sparkling 
white, it attracts attention in shipment —and at the end 
of the line where sales are made. 

It takes proper increase of TITANOX® white titanium 


dioxide pigment in coatings and liners to obliterate drab- 


TITANIUM 


7207-C 


SUBSIDIARY OF NATIONAL L 


ness and truly present the new look that affords sharp 
contrast for merchandising messages. 

To help you gain the full benefits of white pigmentation 
is our most important job. This applies to all types of 
paper which depend on titanium dioxide white pigments 
for just the right combinations of whiteness, bright- 
ness, and opacity. Titanium Pigment Corporation, 111 
Broadway, New York 6, N. Y:; offices and warehouses 
in principal cities. In Canada: Canadian Titanium Pig- 


ments Lid., Montreal. 


PIGMENT CORPORATION 
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Unlocking the secrets of kaolin 
with the electronmicroscope 


Among the many mysteries of print- 
ability is the actual relationship of the 
various kaolin particles to the adhe- 
sive at the surface of the sheet. In 
helping paper mills to solve such 
mysteries, Georgia Kaolin has been 
instrumental in developing electron- 
micrographic techniques for the study 
of paper surfaces. This photograph, 
typical of the results of such efforts, 
reveals the structure, arrangement 
and behavior of kaolin particles on a 
sheet of coated paper. 


Every day the knowledge gained 
through the use of electronmicro- 
scopes, X-ray spectrometers and other 
modern instruments by the GK Re- 
search Laboratories is helping solve 
problems that have direct bearing on 
the uniformity, quality and perform- 
ance of your present products. Of 
equal, if not greater importance, is 
the value of this work to your new 
product development program. 

These facilities, the best in the in- 
dustry, are at your disposal. 


Georgia Kaolin Company 
513 Westminster Avenue, Elizabeth, N. J. 


Fine clays from the world’s largest kaolin plant 


